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POSITIVE CONTROL OF MATERIALS IN MOTION FEEDERS 
NEW IN-STREAM TRANSMITTER ELIMINATES 
NEED FOR COSTLY STILLING WELLS! 


DP CHRONOFLO® 


IN-STREAM TRANSMITTER 


Model CTF-S 
Offers Faster Response, 
Many Advantages! 


GROOVED 
NYLON ROLLER 


STAINLESS 


CAST IRON 
HOUSING 


STAINLESS 
FLOAT ROD 


Minimizes costs . . . eliminates stilling well con- 
struction and maintenance . .. no need for flush- 
ing systems, float well cover, connecting piping, 
sediment tanks, blow-down valves and frequent 
cleaning. 

Unique principle used...responds faster to 
GRrooven flow changes as float actually rides in stream 
NYLON ROLLER flow ...eliminates connecting pipe lag. 

For sewage and industrial waste metering appli- 
cations involving fluids containing settleable 
stup solids which tend to clog stilling wells. For 

metering flows in open channels. 

Offers all inherent advantages of Builders 

Chronoflo ... permits transmission over a two 
eOLveTyaans wire circuit, unlimited distances, at commercial 
FLOAT power frequencies. 

REQUEST Bulletin 230.20A-3. Write B-I-F 


Industries, Inc., Utilities Sales, 368 Harris 
BIE Avenue, Providence 1, Rhode Island. 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE - PROPORTIONEERS + OMEGA 
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4 The BARMINUTOR Screening and C i hi provide 
continuous, complete, automatic comminution ... . at lower operating 
Two ALL NEW 


and maintenance cost than any similar device today. 


The BARMINUTOR was developed to provide greater flexi- 
bility and wide application of comminution . . . developed 
from the original “Chicago” COMMINUTOR,* proven 
highly successful in thousands of installations. 


COMMIN UTIN G BARMINUTOR Screening and Comminuting Machines eliminate un- 


sightliness, nuisance and odor by continuously and automatically screen- 


MACHIN ES ing and cutting coarse sewage material without removal from the flow. 
Power requirements are lower than that required for mechanically 
raised screens and grinders. Manual atten- 
tion is needed only for periodic inspection 
and lubrication. 


* Trode-Mork 


THE NEW MODEL “‘A-1’° BARMINUTOR* 
with All Electric Drive 


Extra cutting capacity without increase in power 
Shear bars allow additional cutting for peak loads 


Shear bars eliminate accumulation of rags and sew- 
age solids on the screen 


Ball Bearings Shoes last longer. . . thereby greatly 
reducing maintenance 


Eliminated hydraulic hoses 
Neat, compact drive motor and panel 


A DEVELOPMENT 
OF MORE THAN | Model BARMINUTOR . . . for use 


in rectangular channel sections 1 to 3 
feet wide .. . sized for flows of .09 to 


25 YEARS 1SMGD. 


SUCCESSFUL THE NEW MODEL 


BARMINUTOR* 


® Counter-weighted to minimize fric- 
tion . . . increasing life of machine 
Stainless Steel Screen 
Ball Bearing Shoes 
Single Motor Drive . . . lower oper- 
ating horsepower required 
Model “A-1" BARMINUTOR .. . for Reversible cutting provides increased 
use in rectangular channel sections 4 cutting capacity and extended life 
to 8 feet wide . . . sized for flows of of cutters 
10MGD and upwards. Rugged, economical design and con- 
struction 


COMMINUTOR 
EXPERIENCE 


© 1959—FMC 
Putting 4tdeas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Pump Company 


622 DIVERSEY PARKWAY . CHICAGO 14, ILLINOIS 
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The trio shown 

in this picture includes 
two P.F.T. digesters 
and a gas holder. 


Close-up showing one of the 
P.F.T.-Pearth Gas Recirculation 
Systems as installed on 

Floating Covers. 


Louisville Helps Restore The 
Beauty of “The Beautiful Ohio” 


It is only natural that a city that has enjoyed such a tremen- Waste Treatment Equipment 
dous business growth would also be one of the major factors Exclusively since 1893 
in the “Clean Waters for Ohio” program. 

The engineering firm of Metcalf and Eddy designed Louis- 
ville, Kentucky’s modern sewage treatment plant which in- 
cludes the following P.F.T. equipment: two 100’ Floating 
Cover Digesters with P.F.T.-Universal Metal-clad Insulated 
Aluminum Roofing, two complete P.F.T.-Pearth Gas Recir- 
culation Systems, one 100’ Gas Holder Cover and two #1500 ews 
Heaters and Heat Exchangers. PACIFIC FLUSH TANK CO; 

P.F.T. is again proud to play a leading part in another —_ 424) Ravenswood Avenve, 
major step in the Ohio River Clean-up program. Chicago 13, Illinois 


PORT CHESTER, N. ¥. @ SAN MATEO, CALIF. e CHARLOTTE, N. C. @ JACKSONVILLE e DENVER 
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| THE C-E RAYMOND FLASH DRYING 


reasons why 
it’s your best choice 
for sludge disposal 


IT OFFERS THESE FUNCTIONS: 


1. Drying... Only the C-E Raymond Sys- 
tem gives you controlled drying. This means 
that your filter cake is reduced to particles 
uniform in size... low and uniform in mois- 
ture content ... highly suitable for use as a 
fertilizer when sludge characteristics permit. 


2. Incineration ....The Raymond System 
provides the simplest, most efficient method 
of sludge incineration. It produces a sterile 
ash that is free of clinkers ... requires less 
purchased fuel. 


3. Deodorizing -+-The C-E Raymond 
System is the only one that offers high tem- 
perature deodorization to remove foul odors 
from combustion gases, as well as from 
sludges holding tanks. 


WITH THESE FEATURES: 


4. Superior Structure... Instead of 
relying on multiple refractory arches, the 
C-E Raymond System utilizes small groups 
of arch bricks individually hung from steel 
supports above and outside the furnace. This 
not only makes arch failure virtually im- 
possible, but permits very rapid start-ups 
and shut-downs .. . offering important man- 
hour and fuel savings. 


5. Economical Operation...This 
system has a proved record of low mainte- 
nance costs. Not only is maintenance neg- 
ligible, but the revenue gained trom the sale 
of flash-dried sludge as fertilizer can help 
pay the operating costs of your plant. 


SYSTEM... 


More filter cake is dried and/or burned 
in this system than by all other systems 
combined. 


6. Proved Dependability... More 
than a quarter of a century of use and de- 
velopment in plants throughout the United 
States and abroad has shown the capa- 
bility of the C-E Flash Drying System. 


For detailed information on the C-E 
Raymond Flash Drying System, and how 
it can benefit your community, contact 
the Combustion office nearest you. A C-E 
specialist will be glad to discuss your re- 
quirements with you or your consultants. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16, N. Y. 


Canada: Combustion E 


C-107C 


+ Western Office: 510 West 6th St., Los Angeles 14, Cal. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR 


ing-Superheater Ltd. 


INDUSTRIAL WASTE DISPOSAL 
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FLUIDICS®* at work 


New Simplex telemeter reads 
and controls 2 to 29 channels 


The new Orthoplex telemetering system uses 
a biplex generator and biplex selector to 
achieve dual signal telemetering using a sin- 
gle pair of telephone lines. 

In the basic system the generator produces 

both a de and a 60-cycle ac signal which is 
unscrambled at the receiving end by the 
selector. These 2 signals are fed into a multi- 
plexing unit which provides the extra chan- 
nels. 
Uses ac and de signals—Combining ac and 
de currents produces a circuit less affected 
by line capacitance and able to give a longer 
distance transmission with available capaci- 
tance. 

The new system requires much less main- 

tenance than previous designs. It uses no 
vacuum tubes, eliminates all motorized timers 
and motorized sequence switches; and the 
modular units are equipped with “quick- 
disconnect” connectors, = relays, and 
rectifiers of advanced design. 
Modular design—The modular design allows 
building up as many as 29 separate channels 
for supervisory indicators, alarms, telemeter 
receivers, pump controls, valve positioners, 
etc. 

For complete specifications and design 
theory, write for Hulletin to our Simplex 
Division, Dept. SI-129, Lancaster, Pa. 


BIPLEX Selector 


separates signals so 


BIPLEX Generator is designed to give 
two signals, positive de and 60-cycle ac. 


SIMPLEX Orthoplex Super- 
visory Control provides you 
with a system for remote con- 
trol of valves and pumps from 
*FLUIDICS is a new Pfaudler 

Permutit program which provides 
a modern, imaginative approach 
for handling and processing liq- 


uids and gases more profitably. mM 


VALVE AND METER COMPANY 


a division of PFAUDLER PERMUTIT INC. 


Lancaster, Pennsylvania 
Specialists in FLUIDICS... 
the science of fluid processes 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


York Sewage and Industrial Wastes Park Sheraton Hotel . 20-22, 1960 
Assn. New York, N. Y. 


West Virginia Sewage and Industrial Wastes Hotel Pritehard 
Assn Huntington, W. Va. 


Jersey Sewage and Industrial Wastes Traymore Hotel 


Assn Atlantie City, 


Kansas Sewage and Industrial Wastes Assn Broadview Hotel 


Emporia, Kans. 


Montana Sewage and Industrial Wastes Assn. Northern Hotel 
Billings, Mont. 


Virginia Industrial Wastes and Sewage Works John Marshall Hotel June 


Assn, Richmond, Va. 


Central States Sewage and Industrial Wastes Lorraine Hotel June 
Assn, Madison, Wis. 


THIRTY-THIRD ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Pennsylvania Sewage and Industrial Wastes Association 
Philadelphia, Pennsylvania 


Technical Meetings and Exhibits—Convention Hall 
October 3-6, 1960 
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| LABOR SAVER AT WORK g 


Revolutionary TRUCK-LODER 


Frees One Man For Other 
Sewer-Cleaning Jobs! 


The Truck-Loder Bucket Machine brings the 
deposits direct from the sewer to truck non-stop! 
It ends the hard dirty work of manually pull- 
To get the full ing on the bucket to dump the load; shoveling 
Truck - Loder the deposit from street to truck; and cleaning 
Story, write for up the street afterward. It’s faster — easier — 
pon rigs of your more sanitary. In other words, it puts an extra 
“Flexible” man in your Sewer Department at no extra cost. 
Distributor. Best of all, you can pair up Truck -Loders 
with present Bucket Machines and almost triple 

your sewer cleaning capacity. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 S. ZANGS BLVD., DALLAS, TEXAS 
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NEW CAMPAIGN STARTS. 


For the first time, a nationally organized plan to develop 
local action to combat our growing water shortage has 
been devised by a supplier to the industry. The need for 
a campaign to stimulate such action was recognized by 
the Cast Iron Pipe Research Association. Here’s how 
the first year of the campaign was planned—and the 
successful results it produced. 


Frank ads warned of shortage 


a m= The theme of the ad campaign “What Will You Do 
| Without Water?’ was coupled with dramatic photo- 


f@ graphs of people using water in everyday situations. 


informative booklet told 
how everyone could help 


Each ad offered the booklet ‘“‘Water— Make Sure You’ll 
Always Have Plenty,” which outlined working plans 
for local action against water problems. 


Response was heavy! 


The American people reacted immediately; thousands 
of requests, from every state in the Union, have already * 
been sent in for the booklet—but that’s not all! 
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WATER IMPROVEMENT 
THE COUNTRY! 


Research shows people took action! 


The average person who wrote in for the booklet did at 

least three things. For instance: 

1. He informed neighbors and friends of the problems, 
discussed solutions, and sought more information. 

2. He requested a starter kit from Cast Iron Pipe Re- 
search Association—to help spur more interest and 
plan new and better water facilities. 

3. He formed or joined a local water improvement com- 
mittee in order to take direct and immediate action. 


Here are just a few of the remarks received on the worth and completeness of 
the program. 
From a housewife ‘Although I had no such intentions before, I’m going 
in Connecticut: to do something about the suggestions given.” 
From ateacherinthe ‘‘Last month I was elected as a trustee for the Local 
state of Washington: Water User’s Corporation. We are now in the process 
of installing a new water reservoir; your program was a 
very helpful source of information.” 
From a retired man “Our city is talking of putting in a new water supply 
in Florida: system in order to tap river water. Your literature has 
been very useful.” 
The American people are interested and willing to face the problem; they 
need only your guidance. 


Now...A complete program for you! 


A complete portfolio has been compiled for you—to 
help you stimulate action in your community... to 
help you answer some of your own local water problems. 
If you are now faced with a local water problem in 
which community relations will play an important part, 
write on your letterhead to the Cast Iron Pipe Research 
Association, 3440 Prudential Plaza, Chicago 1, IIl., 
Thos. F. Wolfe, Managing Director. 

The Cast Iron Pipe Research Association is proud 
of the job it has done—and looks to the future with 
confidence that the American people can and will lick 
the water problem! 


CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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SEWAGE 


is a Pfaudler Permutit 
program providing 
the know-how 
the equipment 
and the experience 
for solving problems 


involving fluids 


FLUIDICS AT WORK 


GRAPH ILLUSTRATE 

O TRANSFER 

EFFICIENCY OF 
PERMAERATOR 
COMPARED WITH 

OTHER MECHANICAL 
AERATORS UNDER 
IDENTICAL OPERATING 
CONDITIONS 


AND INDUSTRIAL WASTES 


New PERMUTIT PERMAERATOR 


Increases O, transfer over 65% without adding power... 
with Permutit’s new process Bio-Oxidation Aerator 


Developed in laboratory and pilot 
plant operation, now confirmed and 
proven in a large industrial waste 
treatment Permutit's 
Permaerator sets a new high in rate 


installation 


ot oxvgen transter per horse power 
Permutit’s design of the doubl 

turbine introduce 

surface as well as from a sparger 


ring. Oxygen transfer per horse 


power has increased from conven- 


tional rate of 


| 5 Ibs per hour 


86 Ib. per hour t 


Permutit’s Permaerators can be 


oxvgen from the 


installed in existing basins as well 
as in new systems. To help vou 
achieve such efficiency in your Bio 
Oxidation system, we will be glad 
to review your operating data and 
make recommendati ms 

Other Pfaudler Permutit equip 
ment for waste treatment includes 
Colloidair Separators, Precipitators 
Titan Centrifuges, lon Ex« hangers 
Filters, Chemical Feeders, Evap 
orators, and Degasifiers. Call or 
write Permutit Div., Dept. SI-129, 
50 W. 44th St., New York 36, N.Y. 


PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS... the science of fluid processes 


FLUIDICS varied 
phases of fluid handling and con- 
trol as 


covers such 


distillation 
drying 

blending 
metering 
valving 

flow rate control 
piping 

storing 
centrifuging 
filling 

heat transfer, etc. 


waste treatment 
water treatment 
corrosioneering 
reactions 
polymerization 
ion exchange 
fluid analysis, 

metering and 

control 
agitation 
evaporation 
Whenever vou have a fluid-handling 
problem, look to the Pfaudler Per- 
mutit FLUIDICS program for the 
best. solution 
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Announcing a New 


These new facilities now in operation at Copperhill, Tennessee 
substantially increase our production of Ferri-Floc and will 

- permit us to supply the increased demands for this superior 
coagulant at all times. 


THE COAGULANT WITH THE PLUS FEATURES 


Excellent Taste and Odor Control Turbidity Removal 


Increased Filter runs Manganese and Silical Removal 
Coagulation over Wide pH range Bacteria Removal 
Rapid Floc Formation Ease of Operation 


- Efficient and Economical 


AVAILABLE IN BULK, AND ALSO IN DOUBLE LINED 
POLYETHYLENE BAGS AT NO EXTRA COST. 


FREE BOOKLET — We 

will send you, without 

at deals specifically wi 

—Just make request on : . 9 Grant Atlanta 3, Georgia 


your firm’s letterhead / TENNESSEE CORPORATION 
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SEWAGE AND 


INDUSTRIAL WASTES 


View of Sludge Heating and Digestion Building. Metal was shop-primed with Inertol Rustin- 


hibitive Primer 621 


Masonry wall and ceiling areas were primed with Ramuc® Utility Under- 


coater. Ramuc Utility Enamel was then applied to all primed surfaces. Special Inertol high-heat 
paints were used where required. Here—and in many other areas throughout the entire plant— 


Inertol specialized coatings will protect efficiently, 


..for many years. 


CINCINNATI’S GIANT SEWAGE PLANT 
PROTECTED BY INERTOL PAINTS 


Because this plant is centered in a high- 
ly industrialized area, it must cope with 
liquid wastes about twice as strong as 
the average municipality: suspended 
solids, 500 ppm; 5-day BOD, 400 ppm. 
This calls for maximum plant protec- 
tion—one of the important reasons Con- 
sulting Engineers Havens & Emerson 
specified Inertol paints. 

Mr. Arthur D. Caster, Cincinnati’s 
Principal Sewage Disposal Engineer, 
comments: “Our experience has proven 
that only the best protective coating 
should be used initially in Sewage 
Treatment Works, in order to reduce 
to a minimum maintenance costs dur- 


<& 


ing the future years.”’ The majority of 
the painted surfaces in this new plant, 
serving Cincinnati and twenty-six sur- 
rounding communities, are coated with 
Inertol products. Each paint is designed 
specifically for a particular surface. 

Inertol Company would welcome the 
opportunity to study your requirements. 
Write for complete paint specifications 
covering your current project. There’s 
no cost or obligation, of course. Also— 
be sure to ask for free, valuable main- 
tenance painting guide SI 586. 

A Complete Line of Quality Coatings 
for Sewage, Industrial Wastes, and 
Water Plants and Swimming Pools. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue, Newark 12, New Jersey @ 27H South Park, San Francisco 7, California 
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SEWAGE AND INDUSTRIAL WASTES 


a ‘comeback’ in 18 years” 


... with Transite Sewer Pipe 


says Anthony Garcia, President 
Allerton Construction Co., New York 


In my eighteen years of installing 
Transite sewer mains and house later- 
als, | have never had a ‘comeback’ be- 
cause of line failures. Most of the 
installations have been 100°; under 
water. Therefore, tight joints that stay 
tight are absolutely essential! For these 
reasons Transite has. always been my 
choice for sewer line service. I never 
worry about passing leakage or infiltra- 


tion tests. I playitsafe—with Transite.”’ 

You'll want to read how Johns- 
Manville Transite® Pipe has helped 
other contractors increase their profits 
and productivity . . . in the informative 
and interesting new, 8-page booklet, 
TR-206A. Send for it now! Address 
Johns-Manville, Box 14, New York 16, 
New York. In Canada, Port Credit, 
Ontario. 


JOHNS MANVILLE 


Jouns-Manvitte 


PRODUCTS 
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Wherever they've been installed, perfec- 
ted EimcoBelt filters, with either cloth or me- 
tallic medium, have proved capable of out- 
performing any other vacuum filter! 

These modern continuous belt drum filters 
remove the filter medium from the drum 
every filter cycle, discharge all cake and 
wash the medium on both sides with jet 
sprays before returning medium to drum. 
No blinding. No filtrate blowback. High 


SPOKANE, WASHINGTON 
Two 8-foot diameter by 8-foot EimcoBelt fil- 
ters. Greeley and Hansen, Consulting Engineers. 


vacuum levels assure low cake moistures. 
A constantly clean filter medium results in 
low consumption of chemical reagents. 

In cities jorae and small, EimcoBelt filters 
have cut costs and downtime. Typical in- 
stallations are shown on these pages. There 
are many more. The Eimco representative 
in your area will give you more facts on 
how Eimco continuous belt drum filters can 
save operating dollars for you. 


\ 
3 


SCHENECTADY, N. Y. 
A 6-foot diameter by 8-foot EimcoBelt with 
cloth medium. McElwee-Courbis and Ertel Co. 


OGDEN, UTAH 
Two 11!4-foot diameter by 12-foot Eimco- 
Belt Filters. Henningson, Durham and Richardson, 


Inc., Consulting Engineers. 
L: Li 


CRANSTON, R. I. 

An 8-foot diameter by 8-foot EimcoBelt Filter. 
Fay, Spofford and Thorndike, Inc., Consulting 
Engineers. 


FOND DU LAC, WISCONSIN 
A 6-foot diameter by 8-foot EimcoBelt Filter. 


CORPUS CHRISTI, TEXAS f 
Digested, primary sludge is handled by % | 
8-foot diameter by 6-foot EimcoSelt filter. 
Sigler, Clark and Winston, C Iti Engi 


“ADVANCED ENGINEERING AND QUALITY CRAFTSMANSHIP SINCE 1884” 


ANN ARBOR, MICHIGAN 
One of two 8-foot diameter by 8-foot Eimco- 
Belt Filters. Harris, Henry and Potter, Inc., 
Consulting Engineers. 


EXPORT OFFICE: 51-52 SOUTH STREET, NEW YORK, N. Y. 
BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD. 
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"its true; now offers one-stop shoppin, 


for both asbestos-cement and plastic pipe! 


“K&M" adds 4 types of plastic pipe to 
its quality line of Asbestos-Cement Pipe! 
No need any more to buy quality Asbestos- 
Cement Pipe from “K&M”. . . and then 
expend time and energy shopping for 
Plastic Pipe elsewhere. Now, it’s as easy as 
shopping in a supermarket! Get both types 
of pipe from the source you’ve always been 
able to rely on: “K&M”! But, that’s not 
all! You can also simplify planning by 
fitting both “K&M” Asbestos-Cement and 


“K&M” Plastic Pipe into the same system 

. . custom-tailoring it to your design and 
your budget requirements. You can get 
tough, thrifty “K&M” Plastic Pipe at all 
“K&M” factory locations. Plus a complete 
line of “K&M” Plastic Pipe Fittings. 


BEST IN ASBESTOS 


KEASBEY & MATTISON 
COMPANY AMBLER PENNSYLVANIA 


Write today for these informative and illustrated 
brochures . . 


“K&M” Plastic Pipe! 


. packed with facts on each type of new 


“K&M" Polyethylene Pipe® "K&M” Normal-Impact Polyvinyl Chioride Pipee Acrylonitrile Butadiene Styrene Pipe® KAM" High-Impact Styrene-Alloy Sewer Pipe 
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Homestead 100% Port opening Lubricated Valves 
controlling supernatant, sludge and gas in Cedar 
Rapids Sewage Plant. 


Cedar Rapids Sewage Plant prefers 
Homestead 100% Port Opening Valves 


In the transport of sludge and grease from settling 
basins, full pipe area lines are essential to long 
pump life. That’s why Howard R. Green Company, 
Engineers, specified 95-4”, 15-6”, and 9-8” Home- 
stead Lubricated Plug Valves in this lowa sewage 
treatment plant. Homestead’s 100% pipe area 
design guarantees full flow—no restrictions to put 
a strain on pumps and motors. 

Add positive lubrication and sealing, Homestead’s 
leakproof no-stick design, plus minimum mainte- 
nance, and you’ll know why Superintendent William 
J. Meaney says, “‘I’m fully satisfied with Homestead 
Valves on our lines.” 


Mail coupon today for Reference Books 39-1 
and 1A—a complete library of Homestead 
Lubricated Plug Valves and their uses. 


Please send me complete data on Home- 
stead Lubricated Plug Valves and their suggested uses. 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P. O. Box 48, Coraopolis, Pennsylvania 


Address ....... 
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SEWAGE AND INDUSTRIAL WASTES 


BASIC... 


FOUNTAIN OF YOUTH, 1880... The well of the 

Little Red Schoolhouse was a popular, if not 

always healthful, gathering place for children. 

The old tin dipper in its lip-to-lip travels 

carried more than its share of disease. 
THE MODERN DRINKING FOUNTAIN. ..eliminates 
the community cup... substitutes for it clean, 
pure, safe water distributed nationwide 
over a network of dependable cast iron pipe. 


FOR WATER, SEWERAGE AND 
U. S. PIPE AND FOUNDRY COMPANY 


ae 
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but better than ever today! 


Care and precision from mine te maiz 
insure U. S. Pipe quality 


The nation’s health depends largely on w#iez. And most of this 
water is distributed through cast iron pipe. 


U.S. Pipe, therefore, exerts every effort to make its product 
dependable, long-lived and trouble free. From mining of ore... 
through blast furnace ...to final shipping, every length of 

U.S. Cast Iron Pipe is checked and rechecked for quality. 


This end-to-end supervision is another reason U.S. Pipe measures 
up to the promises made for it... and to the responsibilities 
placed on it in service. 


QUALITY BEGINS HERE. . . at one of PIPE NEWLY CAST . . . 24" diameter SCIENTIFIC TESTING ... Determining 
U. S. Pipe’s mines near Birming- and 18 feet long rolls out on skids the chemical properties of U. S. 
ham where ore is mined from centrifugal casting machine. Pipe, one of many quality checks. 


INDUSTRIAL SERVICE 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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Weir plates of Everdur control water 
flow in Toronto's new Humber plant 


Easy fabrication. Eve 


ned by arc weld 


STRONG 


t Everdur weir plates wil! handle 50 million oallons of water every day at the 


> treatment plant 


WELDABLE 


ir weir plates are being 
to installation. 


EVERDUR 


EVERDUR RESISTS CORROSION. Installations of 
Everdur sewage-treatment and waterworks 
equipment in the United States have been 
in service without replacement for 30 
years and longer. 

EVERDUR IS TOUGH. Everdur, Anaconda’s group 
of copper-silicon alloys, also possesses high 
physical strength and resistance to wear and 
abrasion—so that wrought equipment can be 
designed with lighter weight. 

EVERDUR IS READILY FABRICATED. Everdur alloys 
are available for hot or cold working, welding, 
free machining, forging and casting—and can 
be supplied in plates, sheets, rods, bars, wire, 
tubes, electrical conduit, and casting ingots. 
WRITE FOR PUBLICATION E-11—or for assistance 
from the Technical Department in selecting 
the correct material for your equipment. 
Address: The American Brass Company, 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 5996 


Anaconda’s Family of Copper-Silicon Alloys 


MADE BY THE AMERICAN BRASS COMPANY 


WORKABLE + CORROSION-RESISTANT 
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Sewer corroded 
replaced with Armco 
SMOOTH-FLO Pip 


Part of a 12-year-old rigid pipe 
sanitary sewer in Sacramento, Cal- 
ifornia, had been eaten away by 
hydrogen sulphide gases. The 
resulting seepage undermined the 
sewer foundation, causing the pipe 
to settle and crack. 

To withstand the corrosive 
gases and to maintain good align- 
ment in the unstable foundation, 
engineers specified Armco 
SMOOTH-FLO® Sewer Pipe as a 
replacement. 

Armco SMOOTH-FLO Pipe has 
the proved durability and strength 
of corrugated metal pipe, plus a 
smooth interior lining for high 
flow capacity. Its long lengths and 
positive joints enable SMOOTH- 
FLo to maintain good alignment 
even in unstable soils. For com- 
plete details on Armco Sewer 
Structures write to Armco Drain- 
age & Metal Products, Inc., 4839 
Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND Divisions: Armco Division * Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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Effluew! “Water Treatment Tanks 


Beautif 
Complete Co 


Comparable i 
Steel... 


Stebbins SeMTILE® and SEMBLOK® 
tanks are, in effect, reinforced con- 
crete structures faced on both sides 
with vitrified tile. No form work is 
required, Contours and dimensions 
can be varied to fit all types of 
specialized equipment. 


n Cost to Con 


i e 
No Continuing Maintenance 


yl Glazed Tile for 


crete or 


Installations can be made under a 
contract which covers everything 
from the original design, based on 
full knowledge of the chemical, 
physical and mechanical require- 
ments, to the finished job ready 
for use. 


Write for complete information 


— 

Resistance 
: 

Specialists in Design, Installation and Servicing of L nings and tanks. 
: 
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From the largest interceptors 


533a 


to the smallest laterals... 


concrete pipe provide maximum strength 


Throughout the country thousands of 
miles of concrete pipe sewers—some 
built as long ago as 1842—demonstrate 
concrete’s outstanding strength and du- 
rability. Strong right from the start, con- 
crete actually grows stronger with age! 
Concrete pipe can be accurately de- 
signed for any depth of backfill and sur- 
face loads. With modern manufacturing 
methods, a life expectancy of 100 years 
is reasonable for today’s concrete pipe. 
And concrete pipe never warp out of 
shape. This allows uniform space for 
jointing materials, assures tight joints 
that prevent root penetration and keep 


PORTLAND CEMENT ASSOCIATION 
Dept. Al2-76, 33 West Grand Ave., Chicago 10, Illinois 
A national organization to improve and extend the uses of concrete 


infiltration to a minimum. Smooth, hard 
interior walls resist abrasive wear, give 
high hydraulic capacity. 

Readily available, concrete sewer 
pipe is most economical. It can be made 
with local labor at or near the job site 
from materials produced nearby. All 
good reasons why more municipalities 
are building more miles of concrete pipe- 
lines every year. Write for free litera- 
ture, “Concrete Sewer Pipe for Economy 
and Service.’ Distributed only in the 
United States and Canada. 


FOR ALL MODERN 
PIPELINES 


concrete 


and long life at low cost y 
: 
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How helps W. Va. 


conserve natural waters 


An outstanding example of how public-spirited industry can 
do its part to aid State water conservation policies is demon- 
strated in the giant U. S. Steel coal cleaning and preparation 
plant at Gary, West Virginia. 

Silt and slime laden water from the cleaning operations is 
pumped to the two 120’ dia. Dorr Type SS Thickeners shown 
above, which are installed in an unusual position on the plant 
roof. Thickening and separation of the solids content is aided 
by the addition of starch. Silt-free water from the overflow 
is then returned to the plant for re-use. The result is not onty 
a considerable saving of water, but also the solution of a 
possible stream pollution problem. 

Efficient waste treatment by both biological and non-biologi- 
cal methods is a specialty of Dorr-Oliver. For information on 
equipment and methods for every type of sewage, industrial 
waste or water treatment problem, write Dorr-Oliver Incorpo- 
rated, Stamford, Connecticut. 


DORR -OLIVER 


WORLD-WIDE RESEARCH * ENGINEERING *¢ EQUIPMENT 
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Sewage Works 


A STUDY OF VERTICAL-SLOTTED INLET BAFFLES * 


By Gorpon E. Mav t+ 


Sanitary Engineer, Ralph Parsons Co., Dacca, East Pakistan 


Engineers have been designing sedi- 
mentation basins for sewage works for 
more than a century. From time-to- 
time new concepts have led to im- 
proved designs, but the ‘‘perfect’’ 
basin has yet to be developed. More- 
over, the sanitary engineer frequently 
has been perplexed by the failure of 
supposedly good designs and the sue- 
cess of what normally is considered a 
poor design. 

Effecting a uniform distribution of 
flow throughout the vertical cross-sec- 
tion of a settling basin is difficult be- 
short-circuiting currents are 
established if flow is not uniformly in- 
troduced. Once established, these cur- 
rents often persist for a long distance 

sometimes throughout the complete 
length of a basin—and result in in- 
efficient performance. 

The efficiency of a settling basin is 
influenced by many factors and the in- 
let design is certainly an important 
one. The use of vertical-slotted inlet 
baffles is one of the newest approaches 
in seeking ways to improve basin per- 
formance. Both of the major studies 
(1)(2) with this type of inlet were 
made with closely spaced narrow slots 
in model basins, however, the prototype 
basin inlets were designed with wider 


slots at greater spacings. 


cause 


* Based on research for a thesis submitted 
in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy in the 
Department of Civil Engineering in the 
Graduate College of the State University of 
Iowa, June 1958. 

t Present address: ¢/o Ralph M. Parsons 
Co., P.O. Box 129, Dacea, East Pakistan. 


Rohlich (1) found that a single verti- 
cal-slotted baffle greatly improved the 
performance of oil separators, and 
Wiegmann and Miiller-Neuhaus (2) 
found that two vertical-slotted baffles 
in series were better than one. It was 
concluded from these studies that the 
area of the slots should not exceed 
from 3 to 7 per cent of the basin’s 
cross-sectional area in a single baffle 
(1); nor exceed 20 per cent in a 
double baffle (2). 

Figure 1 demonstrates the improve- 
ment in basin hydraulie characteristies 
effected by single and double vertical- 
slotted inlet baffles (2) in one proto- 
type basin. This and other findings 
with inlets show that vertieal- 
slotted inlet baffles effect a greater im- 
provement in the efficiency of both 
rectangular and cireular conventional 
settling basins than any other inlet. 
These studies have further substanti- 
ated the findings of all previous in- 
vestigations on sedimentation of solids 
in continuous flow basins in that the 
more uniform the distribution of flow, 
with a minimum of short-circuiting, 
the better are the results. 


these 


Preliminary Considerations 


Neither of the earlier investigations 
gave limits on slot spacing, slot width, 
or velocities through the slot. 
detailed 


Inas- 


much as 


information about 


these items is needed for design pur- 


poses, the following criteria were con- 
sidered in evaluating the limitations 
of various baffles so that, if possible, 


1349 


ty 
RA 
2 
j 
AF 


SEWAGE AND 


M7 THEORETICAL DETENTION 


Lox 300 400 

FIGURE 1.—Improvement of hydraulic 
characteristics of a basin attributed to ver- 
tical-slotted inlet baffles. Curve 1 repre- 
sents results from a common circular basin 
inlet; Curve 2 from a single vertical-slotted 
inlet baffle; and Curve 3 from two vertical- 
slotted inlet baffles in series. 


the findings of this study would have 
practical application : 


1. There should be a sufficient loss 
of head through the slots, alone with 
a satisfactory introducing 
the basin influent behind the baffle, so 


that the theoretically desirable concept 


means of 


of introducing flow uniformly through- 
out the vertical cross-section of a basin 
would be approached ; 

2. The through the 
should be less than 1 fps at maximum 


velocity slots 


rate of flow—particularly applicable to 
water plant designs ; 


3. An ample slot width should be 
provided so that clogging will be mini- 
mized—especially applicable in the de- 
sign of primary settling basins for 
sewage and other similar wastes; and 

t. Easy manual cleaning or mechani- 
cal cleaning of the slots should be pos- 


sible 


It was assumed that an inlet meeting 


Criterion 1 would minimize, if not 


prevent, short-cireuiting caused — by 


uncontrolled currents established by 


most conventional inlets. Such an inlet 


would minimize convection currents 


caused by temperature and specifie 
eravity differences by thoroughly mix- 
ing the flow as it is uniformly dis- 
tributed throughout the vertical cross- 


section, 


INDUSTRIAL 


A 


Simplification 
and terms is needed to facilitate presen- 
tation of the data. 
tions used are: 


WASTES December 1959 


Definitions 
of some expressions 


The basic defini- 


Vertical cross-sectional area of 
the basin; 

Area of inlet baffle 
first baffle when there are two 
baffles in series; 


slots in 


Rate of tracer recovery in basin 
effluent at time f¢; 
Weight of tracer added 

to basin inlet 


Basin depth; 
Basin length; 
Rate of flow; 
Theoretical detention; 

Average horizontal velocity com- 
ponent of flow; 

Average velocity through inlet 
baffle slots; 

Average velocity through first 
inlet baffle slots when there are 
two baffles in series; 

Basin width; 
Width slot 


vertical-slotted 


openings in a 
inlet baffle 
where two baffles are used in 
series the symbol applies to the 
upstream baffle ; 

Distance between the two baffles 
in a double baffle; 
Center-to-center spacing of slots 
in a vertical-slotted inlet baffle; 
Width of second 
double baffle; 


Time of collection for an indi- 
vidual effluent sample 
ured from time tracer is added 
to basin inflow; 


baffle in a 


meas- 


tracer deten- 
(arithmetic 


Average time of 
tion in the basin 
mean); 

Time at which tracer makes its 
first appearance in the effluent; 
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tio = Time required for the first 10 
per cent of the tracer recovered 
to pass through the basin; 


tp = Time at which greatest concen- 
tration of tracer is recovered 
in the basin effluent ; 

tw = Median detention of the tracer 
in the basin; and 

tyo = Time required for the first 90 


per cent of the tracer recovered 
to pass through the basin. 


Measures of Performance 


Dimensionless parameters are used 
for evaluating results of the study. 
These are: 


1. Relative concentration of tracer, 
c C,. This ratio represents the rela- 
tive concentration of tracer recovered 
at time ¢. This parameter and ¢/T 
permit plotting tracer recovery curves 
for comparison with other tests. 

2. Relative time, t/T. This ratio 
represents the relative time at which 
each sample is collected. 

3. Relative arithmetic mean, t4/T. 
This measure of ‘‘dead”’ 
spaces in a basin; a value of 1.0 indi- 
cates that the volume is 100 per cent 
utilized, but it not indicate the 
absence of short-cireuiting. A value 
ereater than 1.0 indicates something 
wrong in the test. The area in the 
‘*tail’’ of the tracer recovery curve in- 
fluences this value. Its moment about 
ihe ordinate pulls this ratio toward a 
value of unity; therefore, this ratio is 
not a good measure of volumetric effi- 
ciency, but it is useful in selecting test 
data which are representative and suit- 
able for analysis. 


ratio is a 


does 


4. Relative time of initial tracer re- 
covery, t;/T. This ratio is a measure 
of the worst short-cireuiting in the ba- 
sin. In an ideal basin this value would 
be 1.0 beeause all of the tracer would 
leave the basin at t; = T. 

5. Relative of peak rate of 
tracer recovery, tp/T. This ratio rep- 
the relative modal detention 


time 


resents 
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time. It is a good measure of volu- 
metric efficiency because it is the rela- 
tive time at which the greatest con- 
centration of tracer is recovered in the 
basin effluent. This ratio would be 1.0 
for an ideal basin. 

6. Relative 50 percentile, ty/T. This 
ratio represents the relative probable 
flow-through time. It is a measure of 
total short-circuiting due to both 
“*dead’’ spaces and non-uniform flow. 
This ratio would be 1.0 for an ideal 
basin. the area under the 
‘‘tail’’ of the tracer recovery curve has 
little effect on this value, ty/T is a good 
measure of volumetric efficiency. This 
ratio is always less than 1.0 because no 
basin is perfect. 

7. Dispersion 


Because 


ratio, tgo/ty. This 
dimensionless parameter is the ratio of 
the time required for the first 90 per 
cent of the tracer recovered to pass 
through the basin to the time required 
for the first 10 per cent. This ratio 
would be 1.0 in an ideal basin. As mix- 
ing inereas increases. 
The dispersion ratio is a measure of 
the uniformity with which the flow 
is detained in the basin. 


also 


In addition, Froude’s (Ny) and 
Reynolds’ (Np) numbers have been 
used as an aid in comparing data re- 
ported here with data reported in other 
similar studies. 


Procedures 


The study was conducted so that the 
inlet baffles, width, and basin 
depth could be varied while other basic 
conditions were held as constant as pos- 
sible. The basin depth throughout the 
basic study was about 1.07 ft. Later 
the depth was increased to 1.92 ft to 
obtain data on the effect of depth. 

Phosphates were used as a tracer in 


basin 


obtaining the basic data. However, 
methylene blue was often used for 
guidance determining sampling 
schedules as well as short-circuiting 


characteristics. 
Two different laws governing models 


: 
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as well as the relationship between 
models and prototypes apply to verti- 
cal-slotted inlet baffles. 


pertains to those 


Froude’s law 
conditions where 
gravity forces are important but where 
neither viscosity nor surface tension 
influence. The 
Reynolds’ number, on the other hand, 
applies where gravity and surface ten- 


sion can be neglected ; it identifies con- 


has any appreciable 


ditions under which the ratios of vis- 
the 


cous forces to inertia forces are 
same in both model and prototype. 

Reynolds’ number is most often ap- 
plied to closed systems of flow where 
How- 


ever, it is also commonly used in the 


there is no free water surface. 


analysis of sedimentation basins where 
the free surface is nearly horizontal, 
and hence gravity forces have little in- 
fluence. The Froude under 
these conditions has little significance 
while the 
very important, a point definitely es- 


number 


Reynolds’ criteria become 
tablished during these investigations. 

It is practical to construct a 
model of a prototype and satisfy both 
Froude’s and Reynolds’ numbers un- 
is 1:1; Froude’s 
number requires that the velocity in 


not 


less the model seale 
the model be proportional to the square 
root of the linear dimension and the 
Reynolds’ number requires that the ve- 
locity in the model be inversely pro- 
portional to the linear dimensions. 
Thus it is not practical to construct a 
model of a sedimentation basin and a 
vertical-slotted inlet baffle for it in 


the same structure. However, main- 


FIGURE 2.—Sketch illustrating small 
section of inlet investigated. 
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taining Reynolds’ number of the basin 
than minimum value 
minimizes the relative effect of friction 
on the sides and bottom, and the data 
Pre- 
liminary investigations indicated that 
the Reynolds’ number for the basin 
might be as 200 before these 
relative effects would become signifi-, 
cant. 

Rather than construct a model of 
a vertical-slotted inlet baffle, investiga- 
vations were carried out on what can 


ereater some 


from all tests can be compared. 


low as 


be considered a section of a prototype 
where the effluent 
than 4 ft 


basin 
little 


(Figure 2). 


is removed a 
more from the inlet 

This seems to be a sensible approach 
for determining the optimum dimen- 
sions, arrangement, and characteristics 
of vertical-slotted baffles. These find- 
ings should, therefore, be helpful to 
inlet dimen- 
One should not, how- 
attempt to make a definite pre- 


designers because actual 
sions were used. 
ever, 
diction of the magnitude of sedimenta- 
tion improvement from the research 
data, although the data certainly give 
a fair indication of the improvement 
which could be anticipated. 
Experience with single  vertical- 
slotted inlet baffles in oil separators (1) 
shows the superiority of this type inlet 
over those commonly used. Further- 
more, data from this study compare 
favorably with applicable data from 
Rohlich’s study (1), thus there is a 
tie between data from this 
actual basin performance. 


study and 


Research Basin 


For this study, a lucite basin 6 ft 
long, 2 ft wide, and 2 ft deep was 
constructed. The basin was operated 
at a nominal water depth of either 1 
or 2 ft and its width was varied by the 
insertion of a longitudinal _ baffle. 
Flexibility in width and depth per- 
mitted a direct observation of dye 
passing through the basin under vari- 
ous flow conditions. 

A lucite flow control unit was also 
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ing the distance between the two baffles, 
X, and the width of the second baffle, 
Z, were also determined. 

The aim in studying these two inlets 
was to develop maximum dimensions 
for x and y, applicable design dimen- 
sions (if not maximum values) for Y, 
and minimum dimensions for Z. 

Limited tests were made with Inlet 
5 (Figure 5) to determine what effects 
the angle of divergence in the slot 
opening and the thickness of the baffle 
might have on the basin hydraulic 
parameters. Data from this arrange- 
ment were also desirable for compari- 
son with data from the API study (1) 
which was done with a thicker baffle 
TRAGER POURED I and a smaller angle of divergence in 
IN TOP OF the slot opening than Inlets 3 and 4 

provided. 


INLET 


| WELL 
EO) | 
Th, 


| 
| 
| 
| 


gy = 
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FIGURE 3.—Inlet 3—-single vertical-slotted 
inlet baffle. 


$ ~ 
constructed so that by maintaining a +t 
constant head on various orifices, a pre- — WATER SUPPLY 

determined rate of flow was main IN TOP OF / 
tained. This device was arranged so WELL 
that flow to the basin could be divided je LS 
into from one to six equal portions 
through the use of 15° V-notch weirs. 


CRuBBER TUBING 
| 


Basin Inlets 


The single vertical-slotted inlet 
baffle (Inlet 3 in Figure 3) was studied 
to determine how different slot widths, j 
r, and spacings, y, at different flow = 
rates affected performance. A similar fk 

UBBER TUBING 
study was made on the double vertical- SEC AA 


slotted inlet baffle (Inlet 4 in Figure FIGURE 4.—Inlet 4—double vertical- 
4). In addition, the effects of chang- slotted inlet baffle. 
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FIGURE 5.—Inlet 5—vertical-slotted in- 
let baffle used to determine effects of angle 
of divergence and baffle thickness. Other 
baffle details are shown in Figure 3. 


Limited tests were made with Inlet 
6, a conventional simple inlet (Figure 
6), so that data would be available 
for comparison. It should be noted 
that it differs greatly from the simple 
inlet baffle which Rohlich (1) investi- 
vated and found to be inefficient; the 
difference is primarily in the free fall 
into the basin behind the API baffle 
as compared with the submerged inlet 
behind the simple baffle used in this 
study. 

Several test runs were made using 
Inlets 7 and 8 (Figure 7) to observe 
the effects on the baffling system of a 
submerged side inlet alone and in cColl- 
bination with -preaeration. 


Basin Outlet 


One basin outlet (Figure 8) was 
used throughout the study. The range 
of weir rates for the basic study varied 
from about 1,000 to 6,500 gpd. ft, de 
pending on the flow rate. Thus, low 
weir rates minimized the effect of efflu- 
ent weirs on the basin flow-through 
characteristics 


acers 


An attempt was made to utilize 
methylene blue for a tracer. However, 
only 10 to 15 per cent of this dye 
was recovered in trial runs. Because 
of the low recovery of methylene blue, 
a phenomenon also noticed by Rohlich 
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(1) and others, the dye was not used 
as a tracer, but it was used as a visual 
indicator and a guide throughout the 
study. 

Phosphates were found to be a suit- 
able tracer although special precau- 
tions had to be taken. A sodium phos- 
phate solution was prepared by dis- 
solving 4 ¢ of sodium phosphate in a 
liter of distilled water. This stock 
solution contained a phosphate concen- 
tration of 1 mg/ml. 

Dechlorination of each sample be- 
came necessary because free chlorine in 
the water bleached the dye developed 
in the analysis to the point where there 
was only an apparent phosphate recoy- 
ery of about 50 per cent. Recoveries 
of phosphate were generally good. 

Soluble phosphorus in water was 
measured essentially in accordance 
with the Moore, Terhoeven, and Ruch- 
hoft method (approximately the same 
as outlined in the 9th Ed. of ‘‘Stand- 
ard Methods’’) (3). The laboratory 
procedure compensated for phosphates 


naturally present in the water. Thus 
the relative phosphate concentration 
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TRACER POURED, 
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=0.655 


FIGURE 6.—Inlet 6—conventional inlet 
baffle used in this study. 
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INLET BAFFLE (SEE FIGURE 4) 
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FIGURE 7.—Inlet 7—submerged side inlet followed by indicated system of baffles pre- 
ceding a double vertical-slotted inlet baffle. 
for preaeration experiments. 


was determined and corrective caleula- 
tions were unnecessary. 
Testing Procedures 


For each test the basin was operated 
at a selected rate of flow for at least 


Inlet 8—similar to Inlet 7, but with air hose 


two times the theoretical detention so 
that the water entering and leaving the 
basin was at the same temperature. 
In this way, the effect of convection 
currents caused by temperature 
changes was minimized. The flow was 
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introduced into an inlet well behind 

the inlet baffle. It then flowed out of 
A the well through %4-in. holes that di- 
4 rected the flow against the back of the 


FLOW basin (Figure 3). 
4 eee The tracer was introduced at the 
| top of the inlet well at time ¢t = 0; it 
usually took from 3 to 5 see to add the 
; 75 to 200 ml of tracer solution used. 


of flow and the detention so that at 
peak rates of recovery the samples did 
not need to be diluted more than 1:1 
to permit comparison with the color 


mis The amount used depended on the rate 
18 


standards. 
7 _ Zz The inlet well was not used for In- 
| ro) lets 7 and 8. In tests with these inlets 


the tracer was poured into the inlet 
end adjacent to the side where the 


a water was introduced (Figure 7). 
| In all cases, samples for analyses 
were collected from basin effluent as it 
i, discharged from the collection trough. 
In most of the tests, 17 samples were 
SEC A-A collected at irregular intervals of time 
(Table 1). The computations were 
FIGURE 8.—Effluent trough used made so that the relative time t/T and 
throughout study the relative rate of tracer recovery 


TABLE I.—Experimental Data* from Run 165 with Inlet 3 


| | 
| 


Tracer Recovery Data 


| Time of Time | | 
Sample | T | 
No Sample, Iner. | t Recovered | Recovered, 
(min) (min) during Cumula- 
1) (n ) Time Iner. 


| 2 0.159 0 0 0 0 0 
2 25 | O35 0.198 0 0 0 0 0 
3 3 0.75 0.238 0 | 0 0 | 0 0 
{ i | 0.318 0.5 1.23 | 0.155 1.2 1.2 
5 5 ] 0.397 3.0 8.15 1.03 8.2 9.4 
6 6 1 0.476 18 11.9 50 | 1.9 1.3 
7 7 l 0.555 1.9 12.1 1.52 } 2.1 A 
9 9 1.25 0.715 3.4 
2.0 
1.4 
l 
6 
O8 0.3 0.74 | 0.093 
6 2.38 0.1 0.25 | 0.031 
2.7 0.031 


* Other information: 
T = 12.6 min; Q = 2.47 gpm; Tracer added, 100 mg; C, = 7.94 mg/min. 
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TABLE II.—Calculation of t4/7* for Run 165 


t/T Xe/Ce 


t/T c/Co 


0.3 - 
0.4 1.06 0.424 
0.5 1.50 0.750 
0.6 1.42 0.852 
0.7 1.12 0.884 
OS 1.04 0.832 
0.9 O80 0.720 
1.0 O.57 0.570 
1.1 0.44 0.484 
1.2 0.39 0.468 
1.3 0.34 0.442 
1.4 0.29 0.406 
1.5 0.24 0.360 
1.6 O.19 0.304 
1.7 O15 0.255 
1.8 0.138 0.234 
1.9 O11 0.209 
2.0 0.08 0.160 
2.1 
2.2 0.06 0.132 
2.3 0.04 0.0902 
2.4 0.03 0.072 
2.0 0.03 0.075 
2.6 0.08 0.078 
3:7 0.03 O.O81 
2.8 0.038 0.084 
2.9 
3.0 
‘ Xc/C.) 
= 
al / 
9.12 
10.2 
= 0.894 


c/C, could be determined for each sam- 
ple and plotted against each other as 
illustrated in Figure 9. The arithmetic 
mean ¢t,/7 was caleulated (Table IT) 
using data obtained from the plot. 
The relative time of the initial appear- 
ance of the tracer t,/T was also de- 
termined from the plot. 

Sampling was done in such a way 
that generally at least one sample was 
obtained before any of the tracer ap- 
peared in the basin effluent. Sampling 
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continued beyond the time of antici- 
pated disappearance of the tracer. 


Evaluation of Data 


Factors in Determining Usability of 
Data 


The relative arithmetic average time 
of tracer recovery t4/T should have a 
value of 1.0 if ‘‘dead’’ spaces do not 
exist within the basin and if 100 per 
cent of the tracer is recovered. Numer- 
ous observations utilizing methylene 
blue dye gave every indication that 
the entire volume of water was dis- 
placed and that there were no ‘‘dead’’ 
regions. There should be a 100 per 
cent tracer recovery regardless of the 
hydraulic efficiency of the basin. 

Seldom in experimental work of this 
type is the value of t4/7T equal to 1.0 
or is 100 per cent of the tracer recov- 
ered. The frequency of sampling and 
colorimetric determination of the con- 
centration of tracer largely determine 
the amount of tracer recovered. These 
same factors are involved in the com- 
putations of ¢,/T. In addition, an 
error of say 0.05 mg/gal in determin- 
ing the rate of tracer recovery would 
be much more important when values 
of t/T are greater than 1.0 than when 
they are less than 1.0. Thus one of the 
first needs in analyzing the data was 
to determine how far values for t4/T 
could vary from 1.0 and how much 
tracer recovery could vary from 100 
per cent before values of ¢;/T, tp/T, 
ty/T, and tyo/tio are changed ma- 
terially from their ‘‘true’’ magnitude. 

Examination of the results indicates 
that when either the value of t4/T or 
the tracer recovery is less than 0.80, 
the value for ty/T is displaced much 
farther to the left of 1.0 than would 
occur if t,/7’ and tracer recovery 
values were 1.0. A review of the data 
indicates that whenever the tracer re- 
covery is less than 0.80, the dispersion 
ratio of tgo/t,o is smaller than it would 
be with a 100 per cent recovery. Con- 
versely, larger values of ty/T and 
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A review of the data also indicates 
that values of ¢,/7 and tp/T are af- 
fected but little by either tracer recov- 
ery or t4/T values outside the range 
of 0.80 to 1.10. However, because two 
of the principal parameters are af- 
fected by such errors, data are ana- 
lyzed only for tests where relative 
values of the tracer recovery and 
arithmetic mean both fall within that 
range.* 

A problem was presented in de- 
termining the relative time for the peak 
rate of recovery. When the straight 
lines connecting the points which form 
the curve (Figure 9) were extended 
to their point of intersection in the 
vicinity of tp7T, it was impossible to 
tell whether the true value of tp/T’ was 
to the right or left of the value of t/T 
at which the greatest rate of tracer 
recovery was sampied. The value se- 
lected for tp/T is that relative time 
at which the greatest rate of recovery 
was sampled. When two or more peaks 
of equal magnitude occurred, the value 
selected for tp/T’ was the average of 
the first and last. 
the 
recovery 


measured maximum 
is well defined and 


Generally 
rate of 


* Rohlich’s (1) data yield group averages 
of t,/T which range from 0.814 to 1.16. 


FIGURE 9.—Tracer recovery curve for Run 165. 


too/tig result whenever the value of 
t,/T or tracer recovery is greater than 
1.10. 


1% 

Tt | 

SAMPLING 

TIMES 


the time at which the true peak rate 
oceurred probably deviates less than 
half of one time increment from the 
measured maximum. Therefore, in 
most tests, the error in determining 
tp/T is conservatively estimated at less 
than 5 per cent. 


Methods of Analyzing Data 


Values of the various dimensionless 
parameters were plotted against vari- 
ous flow, inlet, or basin characteristics. 
In this method of analysis, one factor 
is held constant (or nearly so) for a 
given test condition. This gives an 
indication as to which of the plots best 
expresses the characteristics of a basin 
inlet. 

The curves were determined by the 
line of best fit through points of group 
averages. In obtaining the averages, 
the number of tests that resulted in 
each plotted point was given due 
weight. 


Experimental Data for Inlet 3 


The basin depth was maintained at 
1.07 ft throughout the study. The 
basin width, slot width and spacing, 
and rate of flow were varied. 


Method of Analysis A 


Plotting tracer recovery data against 
slot velocities was selected as one means 
of analysis. Figure 10 contains all of 
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FIGURE 10.—Relationships of tracer recovery-time ratios to slot velocities for Inlet 3. 
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FIGURE 11.—Relationships of selected tracer recovery-time ratios to slot velocities 
for Inlet 3. 
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FIGURE 12.—Relationship of dispersion ratios to slot velocities for Inlet 3. 


the tracer recovery time data for this 
horizontal 
indicated 
It is apparent that when 
Vy is less than 0.5 fpm, the recovery- 
value. 
tendency is especially noticeable when 


ve- 
for 


This 


1.5 2.0 


both the slot velocities and the basin 
horizontal velocities are low. 

Pertinent data from Rohlich’s (1) 
study are also plotted in Figure 10 
and they are important because in 
that study a basin of different size 
was tested under considerably different 
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FIGURE 13.—Effects of horizontal basin velocities on the relationships of tracer recovery- 
time ratios to slot velocities for Inlet 3, 


2.0 


6.0 
: 5.0 
Vu = | 
4.0 1 > 6 
2.0 
1.0 
ty/T 
0.5 
“4 t4/T 
{ 
ite 0.5 1.0 1.5 2.0 2.5 
| 
0 0.5 2.5 


Vol. 31, No. 12 


rates of flow. The longer basin used by 
Rohlich may explain why his values of 
ty/T are somewhat higher than the 
values found in this study. Certainly 


3 the greater length of basin effected 
some ‘‘ironing-out’’ of the flow pat- 


tern and in this way the better results 
may not be entirely due to the inlet 
used. 

Only those data in Figure 10 for 
which Vy, is equal to or greater than 

5 fpm are plotted in Figure 11. In 
this plot the tendeney of recovery-time 
ratios to decrease when slot velocities 
are less than 0.5 fps is essentially elimi- 
nated. The inlet Reynolds’ number is 
later shown to be one important reason 
for this. 

From Figure 11 it is also apparent 
that over the range of length-to-width 
ratios tested (2.68-8.07), basin width 
has little to do with the hydraulic char- 
acteristics of either the inlet or the 
basin. Llowever, those data for a slot 
spacing of 0.665 ft in the narrowest 
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basin tested all fall below the line of 
best fit for the rest of the data. One 
value for the initial appearance of 
the tracer may seem to be an excep- 
tion. But, as indicated by the plot, 
in that particular test some tracer was 
already present in the basin effluent 
when the first sample was collected and, 
therefore, the true initial appearance 
happened earlier. 

Two significant observations about a 
single slotted inlet baffle can be made 
from Figure 11 as long as the slot 
spacing does not exceed 0.4 ft and Vy 
is greater than 0.5 fpm: 


1. The slot velocity is not a first- 
rate indicator of baffle performance be- 
cause ty/T’ and tp/T are not affected 
by a range in Vg from about 0.2 to 2.7 
fps; and 

2. The relative time at which the 
tracer makes its initial appearance in 
the basin effluent increases as the slot 
velocity decreases. 
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FIGURE 14.—Relationships of tracer recovery-time ratios to horizontal basin velocities 
for Inlet 3, 
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IN DRAWING CURVE 
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Dispersion ratio are plotted 
Figure 12. 


There is a tendency for poorer basin 


against slot in 
performance when Vy and Vy are less 
than 0.5 fps and 0.5 fpm, respectively, 
and the dispersion ratio also tends to 
be greater when the slot spacing ex- 
ceeds 0.4 ft. Data from Rohlich’s (1) 
study follow the same general trend. 
Figures 10, 11, and 12 lend general 
the popular concept that 
basin performance improves as the av- 


support 


erage horizontal rate of flow increases. 
Method of Analysis B 


In Figure 13 are curves which sum- 
marize the results of plots of horizontal 
These 
curves show that the values of tp/T, 
t;/T, 


velocity versus slot velocity. 


and inerease as the hori- 


zontal rate of flow in the basin in- 


creases, 
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FIGURE 15.—Relationships of selected tracer recovery-time ratios to horizontal basin 
velocities for Inlet 3. 
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Method of Analysis C 


In Figures 14 through 17, data on 
tracer recovery have been plotted 
against the horizontal basin velocity. 
The values of tp/T and ty/T tend to 
be lowest when the slot velocity is 
less than 0.5 fps, especially if a low 
slot velocity occurs when Vy is less 
than 0.5 fpm. Data for initial appear- 
ance of the tracer are fairly well scat- 
tered regardless of slot velocity ; again, 
as will be seen, the inlet Reynolds’ 
number is at least partly responsible 


for this phenomenon. Data from 
Rohlich’s (1) study follow the same 
trends as those established in this 
study. 


Selected data from Figure 14, for 
which Vg equals or exceeds 0.5 fps, 
From this 
plot it is again apparent that a slot 


are plotted in Figure 15. 


spacing of 0.665 ft results in poorer 
basin performance. Thus the length- 
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to-width ratio of the basin has a minor 
effect on the tracer recovery data as 
long as the slot spacing does not ex- 
ceed 0.40 ft and Vg is at least 0.5 fps. 
Higher dispersion ratios (Figure 16) 
tend to occur when both Vg and Vy 
are low. Rohlich’s (1) data (Figure 
16) follow the curve obtained from se- 
lected data plotted in Figure 17. 
Only those data from Figure 16 for 
which Vg equals or exceeds 0.3 fps 
are plotted in Figure 17. The curve 
shows a general decrease for the dis- 
persion ratio as Vy increases. Again, 
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FIGURE 16.—Relationship of dispersion ratios to horizontal basin velocities for Inlet 3. 


a slot spacing of 0.665 ft resulted in 
poorer performance. 

The fact that some of the better per- 
formances came from a basin 2 ft wide 
is another indication that as long as the 
flow is introduced uniformly, the 
length-to-width ratio is not a deciding 
factor in determining the hydraulic 
characteristics of a basin. It is also 
apparent that to have an efficient inlet 
with a single vertical-slotted baffle the 
slots must be so close together and so 
narrow that it is doubtful that the 
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FIGURE 17.—Relationship of selected dispersion ratios to horizontal basin velocities 
for Inlet 3. 
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baffle can be utilized even in water 
softening plants. 

The data contained in Figure 15 
have been compared with data for In- 
lets 5 and 6 as well as with Rohlich’s 
(1) data. In general it appears that 
the vertical-slotted inlet baffle has little 
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Method of Analysis D 


Rohlich (1) and Miiller-Neu- 
haus (2) determined that the ratio of 
the area of the slots to the cross-sec- 
tional area of the basin is one 
of expressing the characteristics 
vertical-slotted inlet baffles. 


means 


of 


to offer over the submerged inlet be- 


hind a simple baffle. obtaine 


How 


ever, the larger amount of data 
1d in this study indicates that 
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FIGURE 19.—Relationships of selected tracery recovery-time ratios to horizontal basin 
velocities for Inlet 4. 


the ratio Ag/A is not useful in evalu- of 1.92 ft. Because the bulk of the 
ating the performance of a vertical- data were obtained at the shallower 
slotted inlet baffle. depth, the basic analyses are limited 


to these data. 
Experimental Data for Inlet 4 


Me Analysis C 
Most of the data for this part of mek af Lamye 


the study were obtained with a basin Data for a double vertical-slotted 
depth of 1.07 ft although some experi- baffle are shown in Figure 18 in the 
ments were made with a basin depth same way that data for a single verti- 
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cal-slotted baffie were shown in Figure 
15. When these two figures are com- 
pared, the great improvement effected 
by the double vertical-slotted baffle is 
readily apparent. When Vy equals 
0.5 fpm and the slot spacing is 2 ft 
(a single slot in the center of the first 
baffle in a basin 2 ft wide), Inlet 4 
produces about the same results as 
Inlet 3. This differs from the usual 
finding that long, narrow, shallow 
basins with conventional inlets and out- 
lets own the best performance records. 
Simply making a basin long and nar- 
row is not a sufficient mean of building 
good performance into a settling unit. 
This difference may be due to the fact 
that in practice it is usually necessary 
for the size and shape of the basin 
to compensate for poor inlet condi- 
tions. 

In Figure 18, hydraulic performance 
is impaired as the velocities through 
the first slotted baffle, Vs,, decrease. 
However, even when Vg, for Inlet 4 is 
less than 0.09 fps, with basin width and 
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slot spacings of 1.5 ft, the values for 
the pertinent tracer ratios are consid- 
erably higher than those obtained at 
the same horizontal velocity using In- 
let 3. 

Selected data Figure 18 are 
plotted in Figure 19 in a further effort 
to measure the effects of basin length- 
to-width ratio, slot spacing, distance 
between baffles, and width of the sec- 
ond baffle. 

All of the dispersion ratios for Inlet 
4 (basin depth of 1.07 ft) are plotted 
in Figure 20. This plot shows that 
too/tio 18 highest when slot velocities 
are the lowest and the slot spacings are 
greater than 1.0 ft. However, the 
minimum satisfactory velocity through 
the slots of the first baffle of a double 
baffle is much lower than the velocity 
necessary to the best results 
with a single slotted inlet baffle. 

Selected data from Figure 20 are 
plotted in Figure 21 in a way which 
permits comparison of the effects of a 
basin length-to-width ratio, distance 
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FIGURE 20.—Relationship of dispersion ratios to horizontal basin velocities for Inlet 4. 


*O 1.50 
\ 
1.0 


INLET BAFFLES 


T 


SECOND INLET 
BAFFLE ITEM 


SYMBOL 


(FEET) 


"7, " 


3 


Vs} 20.1 FPS AND "y"=1,0 FOOT 


t90/t1o 
2.00 O 
00 


© 
@ 


t10 FOR 


0.5 


1.0 1.5 


AVERAGE HORIZONTAL VELOCITY "Vy" IN BASIN (FPM) 


FIGURE 21.—Relationship of selected dispersion ratios to horizontal basin velocities 
for Inlet 4. 


between the two baffles, and width of 
the second baffle. 

Krom Figures 18 through 21, 
coneluded that: 


it is 


1. The slot spacing is much more 
important than basin length-to-width 
ratio in determining the basin flow 
characteristics. 

2. Data for slot spacings indicate 
that a slot spacing of 1.5 ft is probably 
slightly beyond the upper limit for 
which consistent results can be pre- 
dicted. 

3. With a slot spacing of 1.0 ft there 
is not a significant difference in the 
data whether the distance between the 
two baftles is 0.30 or 0.50 ft, or whether 
the width of the second baffle is 0.23 
or 0.32 ft (maximum slot width 0.16 
and 0.25 ft respectively) as long as it 
is wider than the slot in the first baffle. 
However, it should be readily apparent 
that if the distance between the two 
baffles is too small, the velocity of flow 


directed laterally toward the sides of 
the basin could be so great as to cause 
short-cireuiting. 

4. The dispersion ratio is high when 
Vu is low. 


A comparison of data from tests of 
Inlet 4 carried on at the two different 
basin depths indicates that for the 
flow characteristics involved, an in- 
crease in depth does not affect ma- 
terially the hydraulic performance as 
long as the flow is uniformly intro- 
duced to the basin. 

To determine what effect preaeration 
might have on a double vertical-slotted 
inlet baffle, and what kind of baffling 
might be effective preceding the slotted 
baffles, some tests were made with In- 
lets 7 and 8. Methylene blue dye 
showed that the severe short-circuiting 
which occurred with Inlet 7 was caused 
by the flow passing under the lowest 
solid baffle. However, one set of data 
obtained with Inlet 8 and a basin 
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depth of 1.92 ft is comparable to those 
results obtained with basin depths of 
both 1.07 and 1.92 ft with Inlet 4. 


Summary for Inlets 3 and 4 
Comparison by Method of Analysis C 


Summary curves are plotted in Fig- 
ures 22 and 23. 

These plots clearly demonstrate the 
superiority of the double  vertical- 
slotted baffle (Inlet 4) over the single 
vertical-slotted inlet baffle (Inlet 3). 
The greatest difference is indicated by 
the dispersion ratio followed by the 
relative time of initial appearance, 
relative time of peak rate of tracer 
recovery, and, lastly, relative time at 
which half of the tracer has been re- 
covered. 

The percentage improvement effected 
by Inlet 4 over Inlet 3 in these tracer 
recovery parameters is shown in Table 


Observations With Methylene Blue 
Dye 


Results from the observation of flow 
conditions before and after most of 
the tests lead to several conclusions: 
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FIGURE 22.—Comparisons of the perform- 
ances of Inlets 3 and 4. 
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TABLE III.—Improvement of Hydraulic 
Performance Effected by Inlet 4 
over Inlet 3 


vg Improvement 
Horizontal (%) 
Velocity 
Va 
(fpm) ti/T te/T tu/T 
0.5 10) 32 23 8 
1.0 34 26 21 } 


1. Severe short-cireuiting in a basin 
is induced by a slotted inlet baffle un- 
less each slot directs the inlet jet nor- 
mal to the vertical cross-section of the 
basin (7.e., parallel to the direction of 
basin flow). Deviation from the normal 
ean actually result in much poorer 
basin characteristics than oceur with 
the use of some conventional basin in- 
lets. The effect worsens as two or more 
jets have the same general deviation 
from the normal. The effect is much 
worse with a single baffle than with 
a double baffle. 

This observation may largely explain 
why experience with some single slotted 
baffles made of wood has been so un- 
satisfactory. A number of these baffles 
in use in oil separators were so badly 
warped that few, if any, inlets intro- 
duced the flow normal to the basin. 
Thus, use of rigid materials is indi- 
cated. 

2. The failure of flow to follow a 
pattern predicted by the commonly 
drawn flow net does much to disprove 
theories based on such an assumption. 
In the study, Vy, ranged from about 
0.2 to 1.2 fpm and the depths were 1.07 
and 1.92 ft. The slotted baffles intro- 
dueed the flow fairly uniformly into 
the basin. However, it was noted that 
with all of the arrangements using 
slotted inlet baffles, the water below 
the bottom of the effluent weir trough 
continued its horizontal movement un- 
cil it neared the end of the basin; then 
it turned upward toward the weirs. 
Use of extremely high weir rates may 
change this condition. However, the 
higher weir rates in this study (max 
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rate 6,700 gpd/ft of weir) are within 
the range considered to be desirable in 
standard basins. 

A number of factors, other than 
momentum, may be responsible for this 
flow pattern. One other factor may 
be the slight difference in density of 
the methylene blue solution and water. 
Probably a major factor is the differ- 
ence in density of water due to differ- 
ences in temperature. Although flow 
was passed through the basin until the 
inflow and outflow temperatures were 
essentially the same, there was un- 
doubtedly a very slight difference in 
temperature between the top and bot- 
tom. Whatever the cause, the effects 
would be much more adverse in a large 
basin. Therefore, this observation 
lends support to the view that an efflu- 
ent arrangement which would cause the 
flow to be removed from progressively 
greater depths toward the effluent end 
of the basin would help make a basin 
more stable. Without such improve- 
ments it is unlikely that the optimum 
henefit from multiple effluent weirs 
can be obtained. 

3. The vertical-slotted inlet baffles, 
especially Inlet 4, cause a fairly uni- 
form movement of water through a 
basin. Despite a favorable comparison 
of basin performance for Inlets 3 and 
6, the movement of water through a 
basin following the simple baffle (Inlet 
6) is much less uniform. With Inlet 
6 some large eddies persist. 

4. At the higher slot velocities 
(greater head loss) through Inlet 3, 
the top of the dye front moved through 
the basin at a faster rate than the 
lower section. This could be a serious 
if the did not terminate 
in a solid baffle at the desired basin 
water level. The difference in water 
level between the upstream and down- 
stream sides of the baffle causes a 
simple weir effect at the surface when 
the open slot extends indefinitely above 
the water level and when Vg is high. 
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FIGURE 23.—Comparison of the disper- 
sion ratios of Inlets 3 and 4. 


When this happens, a disproportionate 
amount of flow is introduced near the 
surface of the basin. 

5. Inlet flow cannot be introduced 
into the basin aimed directly at the 
inlet baffle slots. If it is, then the slot 
at which the flow is directed will pass 
more than its proportionate share, re- 
sulting in a non-uniform passage of 
flow into the basin. Short-cireuiting 
is the consequence. 


Comparison with Air Tunnel Studies 


Baines and Peterson (4) analyzed 
test data of fluids (mostly air) passing 
through screens primarily on the basis 
of change in energy. Often several 
baffles are used to attain a fairly uni- 
form distribution of air in tunnels. 
In their study with air, three sets of 
stilling lattices were used to eliminate 
large-scale disturbances before the air 
entered the test section of the tunnel. 

The authors concluded that: (a) 
if the Reynolds’ number was greater 
than 100, turbulence downstream from 
a sereen could be predicted from the 
data; and (b) there is a particular 
combination of screen characteristics 
which is most efficient for a particular 
type of screen application, e.g., a single 
sereen made of large bars is more 
effective in producing turbulences 
whereas several screens made of small 
bars are more effective in dissipating 
turbulence. 
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Agreement in Findings 


A review of data for Inlet 3 shows 
that for slot spacings of 0.4 ft or less, 
the basin Nz is much less important 
than the inlet Np in its effect on basin 
performance. Even with a basin Np 
below 200, the basin’s hydraulic char- 
acteristics are relatively good as long 
as the inlet Ne is greater than about 
130. On the other hand, even with a 
basin Np greater than 300, relatively 
poor basin performance results when 
the inlet Ne is less than about 130. 

This relationship of Reynolds’ num- 
ber to basin performance partially ex- 
plains why some data are relatively 
good even though the slot and/or basin 
velocities—but especially the slot ve- 
locity—are quite low. In no ease does 
a very great deviation from the curve 
occur where the Np of the inlet is 
greater than about 150. This is in 
quite close agreement with the findings 
of the air tunnel investi 

All of the Reynolds’ 1 
the first baffle of Inlet 4 are weil abeve 
the apparent limiting value of 15f 
This fact makes it impossible to de- 
termine whether the lower limit is less 
than 150 for this arrangement. At 
any rate, an evaluation of performance 
data for the second baffle shows that 
the limiting value for the Reynolds’ 
number is around 150. 

This further established 
that the Reynolds’ number is not the 


ation 


tumhers t 


evaluation 


only factor which determines an inlet’s 
characteristics. In the region where 
there are data for both inlets (Nr = 
280 to 600), tracer recovery ratios for 
Inlet 4 are much better than those for 
Inlet 3. Furthermore, even with a 
Nr, data for slot spacings of 
ereater than 0.4 and 1.0 ft, with Inlets 
3 and 4 respectively, are farther from 
the ideal value of 1.0 than when the 
spacings do not exceed these dimen- 
Also, for Inlet 4, most of the 
adverse deviations from the curves for 


high 


sions. 


slot spacings of 1.0 ft occurred when 
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Vs, was less than 0.1 fps, sufficiently 
high values of Np notwithstanding. 


Difference In Findings 


The findings of the two projects do 
differ on what is a determining factor 
for predicting screen (baffle) perform- 
ance. Data for Inlet 3 show that the 
ratio of slot area to basin cross-sec- 
tional area is not a suitable means of 
expressing a baffle’s hydraulic charac- 
teristics. This is in contrast to the 
findings of Baines and Peterson (4). 
It is believed, however, that if screens 
of different dimensions but the same 
As/A value had been used in the air 
tunnel studies, the results would also 
have shown a lack of correlation. 


Froude Number and Basin Tracer 
Recovery Parameters 


Values of the basin parameters were 
plotted against the Froude number of 
the inlet with no indication of correla- 
tion. 


Practicality of Double Vertical- 
Slotted Inlet Baffle 


The simplicity of the double vertical- 
slotted inlet baffle is quite evident. 
It requires only: 


1. A small amount of space not ma- 
terially different from the needs for 
many conventional inlets; 

2. A very small head loss; 

3. A very short distance for dissi- 


pating the inlet energy—as demon- 
strated by the excellent basin hy- 


draulie characteristics developed in 
such a short distance in the study ba- 
sin (less than 5 ft); and 

4. Very little operating attention to 
prevent the accumulation of sludge de- 
posits. 


Summary and Conclusions 
The data for a single vertical-slotted 
inlet baffle indicate that: 


1. The most effective slot spacings 
and slot widths for a single slotted 
inlet baffle are so small that the single 
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baffle has very limited application in 
sanitary engineering. 

2. The velocity must be at least 0.5 
fps through a single vertical-slotted 
inlet baffle or an initial uniform ve- 
locity distribution in the basin is not 
effected. 

3. Tracer recovery data do not in- 
dicate that the single vertical-slotted 
inlet baffle offers much improvement 
over a submerged inlet behind a simple 
inlet baffle. However, observations 
with methylene blue dye showed a 
much more uniform flow through the 
basin using the slotted baffle and, there- 
fore, the single slotted baffle would 
probably be superior in a prototype 
basin. 

4. The value of the ratio As/A does 
not adequately describe the hydraulic 
characteristics of an inlet baffle. 


The data for a double vertical-slotted 
inlet baffle indicate that: 


5. A double vertical-slotted inlet 
bafile has wide application because di- 
mensions for slot spacings and _ slot 
widths can be large enough for most 
sanitary engineering projects. 

6. A minimum velocity of 0.1 fps 
through the first baffle of a double 
vertical-slotted inlet baffle is satisfac- 
tory. 

7. Probably the performance of 
many existing basins can be consider- 
ably improved by the insertion of 
double vertical-slotted inlet baffles with 
slot spacings up to 2 ft—the greater 
spacing than ‘‘ideal’’ being necessary 
to obtain a suitable slot width and ve- 
locity. 

8. Most of the data for a double 
inlet baffle were obtained with from 
0.03- to 0.25-ft slot widths in the first 
baffle and with second baffle widths of 
0.23 and 0.32 ft. The data indicate 
that solid portions of the second 
baffle need only be slightly wider than 
the slots in the first baffle. A distance 
of from 0.3 to 0.5 ft between baffles is 
satisfactory for a range in Vs, of from 
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0.10 to 0.52 fps. When the distance 
between the baffles is less than, say, 
0.3 ft at a high rate of flow, the side- 
ward velocity between the baffles re- 
sults in excessive turbulence and poorer 
basin hydraulic performance. 

9. A double vertical-slotted inlet 
baffle effected a substantial improve- 
ment in the basin hydraulic parameter 
values when compared with the single 
vertical-slotted inlet. 


Data for both single and double 
vertical-slotted inlet baffles indicate 
that: 


10. The Reynolds’ number of the 
baffle is more important than the Reyn- 
olds’ number of the basin in terms 
of basin performance. The lower limit- 
ing value of Ne for design of the 
baffles appears to be about 150. 

11. A satisfactory Reynolds’ number 
for the inlet is not the only control 
because with low velocities through the 
inlet slots and too large a slot spacing, 
poor basin hydraulie performance re- 
sulted even though Np was in the satis- 
factory range. 

12. Slotted baffles must be accurately 
constructed of rigid materials so that 
the flow will be introduced normal to 
the vertical cross-section of the basin. 


Data from this study indicate that 
in the design and operation of settling 
basins: 


13. A minimum average horizontal 
velocity of 0.5 fpm appears to be neces- 
sary for basin stability. 

14. Basin length-to-width and length- 


to-depth ratios are not determining 
factors insofar as tracer recovery 
parameters are concerned as long as 
the inlet effects a uniform velocity 
distribution in the basin. 

15. Flow below the weir trough con- 
tinues in a horizontal direction until it 
reaches the end of the basin and, 
therefore, multiple weirs without baf- 
fles are probably not as effective as the 
common flow net analysis would indi- 
cate. 
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DUES FOR THE NEW YEAR 


Before the many holiday activities completely fill the remaining empty 
spaces on your calendar, wouldn’t you like to place a reminder on your 
pad to pay your 1960 dues very soon? Remember that the dues must be 
received in the Federation office from your Member Association Secre- 
tary before February or the JOURNAL ceases to be mailed to you. 
Reinstatement is a costly procedure and means a delay in getting the 
JOURNAL to you. 

A full listing of your Member Association’s Secretary appears on 
page 514a. Jot it down now and mail your check. 


CORRECTION 


In the paper, ‘‘ Laboratory Studies of Sewage Effects on Atmospheric 
Reaeration,’’ by M. C. Rand (Tuts Journau, 31, 10, 1197; Oct. 1959), 
line 33 of the first column on page 1211 which reads ‘‘analytical indexes 
of the degree of pol-,’’ should be ‘‘follows that the reaeration rate 
of pol-.’’ 
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REMOVAL OF PATHOGENIC MICROORGANISMS BY 
SEWAGE TREATMENT PROCESSES 


By Paut KABLER 


Chief of Microbiology, Robert A. Taft Sanitary Engineering Center, 
Public Health Service, Cincinnati, Ohio 


Sewage treatment works are usually 
designed to remove or oxidize as much 
putrescible organic matter as possible 
so that the resulting effluents will not 
deplete the dissolved oxygen in the re- 
ceiving water. The processes, there- 
fore, stress removal of the nonviable 
organic components, rather than re- 
moval of microorganisms. It is empha- 
sized that treated effluents satisfying 
recommended standards may contain 
large numbers of disease producing 
organisms. 

The standard plate count procedure 
(total bacteria) enumerates only that 
portion of the sewage bacterial popu- 
lation that can grow under the con- 
ditions of the test, and usually consti- 
tutes only a small fraction of all the 
bacteria present. The ‘‘Standard 
Methods’’ fermentation tube _ test 
(MPN) yields results in terms of 
arithmetic computation for coliform or- 
ganisms and is therefore subject to 
somewhat more variation than the 
standard plate count. However, be- 
cause both these procedures are car- 
ried out under prescribed conditions, 
they yield relatively reproducible re- 
sults and can adequately serve as bases 
for comparison of operational pro- 
cedure. 

In contrast to the relative repro- 
ducibility of results with the stand- 
ard plate count and coliform tests, the 
identification and enumeration of 
pathogenie organisms in sewage and 
polluted waters traditionally have been 
unsatisfactory, because the techniques 
do not demonstrate small numbers of 
organisms and yield widely variable 
results. Smith (1) has shown that 


procedures using liquid enrichment 
media are greatly superior to the 
older methods of direct culture on 
solid media for the isolation of Salmo- 
nella. By use of either selenite or 
tetrathionate media, he was usually 
able to recover Salmonella from sam- 
ples to which less than 10 organisms 
had been added. They could nearly 
always be recovered from specimens 
containing 100 Salmonella. It was 
necessary to add several thousand be- 
fore they could be recovered by direct 
culture on desoxycholate-citrate-agar 
or Wilson and Blair solid medium. It 
is to be noted that the results do not 
provide for accurate quantitation. 
Wang, Dunlop, and De Boer (2) have 
recently reviewed the survival of 
Shigella in sewage and have pointed 
out that Shigella have been isolated 
rarely from this environment. Numer- 
ous outbreaks of shigellosis have been 
attributed nevertheless to sewage and 
polluted water transmission. Enteric 
viruses and pathogenie fungi have also 
been recovered from sewage, but it is 
recognized that numerical results are 
only useful approximations because of 
the lack of sensitivity and wide vari- 
ability in the procedures along with 
the unpredictable effects of interfering 
organisms and other organic com- 
ponents. The use of the gauze pad 
method of Moore (3) and improved 
flocculation procedures for econcen- 
trating viruses (4) have improved the 
efficiency of their demonstration but 
quantitative recoveries have not been 
attained. 

Although removal data for patho- 
genie enteric bacteria are not available 
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for all treatment processes considered, 
some estimates of removal may be 
projected by comparisons re- 
corded coliform removals. This com- 
parison is suggested because it has 
been repeatedly observed that the coli- 
form group and the pathogenic enteric 
bacteria have survival rates in the 
same order of magnitude under simi- 
lar environmental conditions of tem- 
perature, pH, disinfection, or extended 
exposures to soil or to fresh, polluted, 
or salt waters. 


Trickling Filter 


It has been shown that a large 
variety of organisms make up the 
population in trickling filter slimes and 
that each may participate in the sta- 
bilization process. Of the organisms 
concerned, bacteria are probably the 
principal group in the initial attack. 
As the purification process progresses, 
the bacteria present may change in 
number and kind, but a portion of the 
microorganisms present in the raw sew- 
age survive and can be demonstrated 
in the sludge and in the effluent. 
Table | shows that total bacteria (9) 
(11) (12) (16) and the coliform group 
(11) (14) (18) (19) were reduced 70 to 
97 per cent. Lb. paratyphosus B (19) 
was reduced 84 to 99 per cent and the 
reduction of other enteric bacterial 
pathogens is likely to be of similar 
magnitude. In one report (29) M. 
tuberculosis was reduced 66 per cent, 
and in three other studies (27) (28) 
(30) tubercle bacilli were present in 
the effluent. Coxsackie A virus (14) 
was reduced 60 per cent and B. coli 
B bacteriophage (14) (18) was reduced 
15, and 57 to 73 per cent. 

Before 1952 it was not realized that 
filamentous fungi and yeasts formed 
a significant portion of the sewage en- 
vironment population. Three potenti- 
ally pathogenic fungi, i.e., Allescheria 
boydii, Aspergillus fumigatus, and 
Geotrichum candidum (15) were iso- 
lated from the slime and digester tank 
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of high-rate and standard-rate trick- 
ling filters. No pathogenie yeast of 
importance in the temperate zone has 
been identified to date. No loss of 
time due to fungal disease has been 
reported for employees of the treat- 
ment plants studied. 

Tapeworm ova (35) were reduced 
bi 18 to 26 per cent in one investi- 
gation and Taenia saginata ova (39) 
removal amounted to 62 to 70 per cent 
in another study. Ova of Ascaris 
lumbricoides, Ancylostoma caninum, 
and Torascaris leonina (36) were re- 
duced 70 to 76 per cent in experi- 
mental observations. Jones et al. (38) 
found that the eggs of Schistosoma 
were reduced by treatment but did not 
make percentile estimates. Trickling 
filter treatment removed 88 to 99 per 
cent of Endamoeba histolytica cysts 
36). Bhaskaran et al. (42) concluded 
that the efficiency of the trickling fil- 
ter for removal of parasitic ova was 
of a very high order, ranging from 
98 to 100 per cent removal. 


Activated Sludge 


In activated sludge systems, bacteria 
and fungi metabolize the substrate and 
are the primary agents of stabilization 
(43). Protozoa may act as growth 
stimulators by removing part of the 
bacterial population, with the number 
and types of protozoa reflecting the 
efficiency of the plant operation. Al- 
though a large number of bacterial 
species may be isolated from activated 
sludge, it is doubtful whether a major- 
ity of the organisms are important to 
the process. Very likely the floe form- 
ing organisms accomplish most of the 
organic degradation. Part of the 
microorganisms present in sewage sur- 
vive treatment and appear in the efflu- 
ents, with larger numbers generally 
being found in the settled sludge. Re- 
corded results (6) (7) (8) (9) (16) (17) 
indicate that the total bacterial counts 
of treated effluents were reduced 90 to 
98 per cent. Coliform organisms, SV. 
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typhosa, paratyphoids, V. cholera, and 
several strains of dysentery bacilli 
were reduced in corresponding 
amounts, i.e., 91 to 99 per cent. 
Molds have been recovered from all 
stages of the activated sludge process 
but were more prevalent in the aera- 
tion tank and digesting sludge. Be- 
cause of interpretive difficulties as- 
sociated with enumeration of _fila- 
mentous growths, quantitative values 
in relation to A. boydii, A. fumigatus, 
and G. candidum as they progress 
through treatment have not been es- 
tablished. Tubercle bacilli were di- 
minished by 88 per cent in the study 
of Heukelekian and Albanese (29). 
Jensen (27) and Greenberg (30), with- 
out citing quantitative results, also 
have shown that these organisms sur- 
vive the activated sludge treatment. 
In experimental studies, Carlson, 
Ridenour, and MeKhann (31) con- 
cluded that a mouse adapted Poliovirus 
was mostly removed, but did not esti- 
mate the percentage reduction. Mack 
et al. (33) identified Poliovirus I and 
IIT, Coxsackie, and ECHO viruses in 
the effluent of a municipal treatment 
plant. Neither the amounts of viruses 
in the raw sewage nor in the effluent 
were determined. Ova of T. saginata 
(41), A. luinbricoides, A. caninum, T. 
leonina, and eysts of E. histolytica 
(36) were not removed by treatment. 
In studies by Bhaskaran et al. (42), 
asearis, trichuris, and hookworm ova 
reductions were 93 to 98, 91 to 100, 
and 81.5 to 96 per cent, respectively. 
Jones et al. (38) found the aerator to 
be an excellent hatching medium for 
S. japonicum with motile miracidia ap- 
pearing in the effluent in large num- 


bers. 
Stabilization Ponds 


The basic mechanisms of purification 
in efficiently operated — stabilization 
ponds is said not to differ essentially 
from those of other aerobic treatment 
methods. Bacteria accomplish a large 
part of the stabilization and derive 
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their oxygen from surface aeration. 
Algae are present in large numbers 
at times. Under conditions of lowered 
pH and oxygen tension, fungi may be- 
come prominent members of the eco- 
logical family. Protozoa and various 
higher forms also contribute in the final 
stages of purification. 

In their recent evaluation of sta- 
bilization pond literature, Fitzgerald 
and Rohlich (24) cited several refer- 
ences and stated, ‘‘In nearly all in- 
stances the bacterial counts have been 
lowered to less than 1 per cent of the 
original concentration. The FE. colt 
counts have generally been reduced 
from several hundred thousand to less 
than 100 per ml, and one case has been 
reported (25) where typhoid bacteria 
were reduced from 41 per ml to nega- 
tive results.’ In a Dakota study (22) 
coliforms were reduced 59.5 to 99.9 per 
cent. ‘‘Reductions in coliform density 
(that is, M.P.N.) were 99 per cent 
during more than 50 per cent of the 
time and, except for one sampling 
period at two installations, were 95 
per cent or greater at all times.’’ 
The reductions in bacterial numbers 
at different seasons were not appreci- 
ably different. Another pond with 
relatively short retention times in Cali- 
fornia (23) showed 50 to 91 per eent 
removal of coliforms over a 2-yr period. 
It is probable that the fate of other 
enteric bacteria is similar to that of 
the coliforms. It is expected that the 
ova of parasitic worms would be ef- 
fectively removed by sedimentation. 
Schistosoma and other parasites having 
motile aquatie stages would persist for 
some time under otherwise favorable 
conditions. 


Anaerobic Digestion 
Data available pertain to experi- 
mental investigations and to routine 
operational digesters which used vary- 
ing retention periods, temperatures, 
ete. Ruchhoft (8) found 25 to 75 per 
cent removal of S. typhosa depending 
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on retention time ; McKinney, Langley, 
and Tomlinson (20) recorded 84 and 
92.4 per cent reductions after 6 and 
20 days, respectively. Mom and 
Schaeffer (10) were unable to demon- 
strate the presence of viable S. typhosa 
after 6 te 8 days. It was observed by 
two groups (26)(29) that there was 
90 and 69 per cent diminution of 
tuberele bacilli while two others (27) 
(30) noted ‘‘survival’’ of M. tubercu- 
losis after anaerobic digestion. In re- 
lation to viruses, Kelly, Clark, and 
Coleman (28) reported that Coxsackie 
virus survived treatment, and that vi- 
rus could be demonstrated more often 
in the sludge than in the liquid por- 
tion. 

Anaerobic digestion was compara- 
tively ineffective in the inactivation of 
parasitic ova. They were slowly re- 
duced in concentration but were ap- 
parently present in significant numbers 
after treatment for practical retention 
periods (Table I). Viable eggs have 
been recovered following digestion for 
as long as three (36) and six months 
(41). The method was quite effective 
for eysts of FB. histolytica, which were 
not demonstrated by Cram (36) after 
treatment of the sewage. 


Chlorination of Effluent 

It is recognized that the efficacy of 
chlorination is dependent on coexisting 
conditions and their interrelation com- 
plex. Some of the factors that play 
prominent roles are amount and na- 
ture of organic material and amount 
of ammonia present, temperature and 
pH of the system, chlorine dosage, and 
type of test used to determine re- 
siduals. Good reductions of ‘‘total 
count,’’ enteric bacteria and viruses, 
and tuberele bacilli can be attained 
with sufficient free residuals and con- 
tact times. Ninety-six to 99 per cent 
kills have been reported for ‘‘total 
eount’’ (12) (16), S. typhosa (8), and 
coliforms (13) (14) with 0 to 1.2 
O-tolidine residual for 15 min. WM. 


tuberculosis was reduced more than 
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99 per cent by 1 to 2 mg/l O-tolidine 
residual for 2 hr (27) and by O-toli- 
dine residuals of 2 mg/l for 30 min 
or 1 mg/] for 1 hr (29). 

Specific data in relation to ova of 
parasites in effluents are very scant; 
however, data from suspension in wa- 
ter indicate such ova are quite re- 
sistant to chlorine and can be removed 
more efficiently by sedimentation or 
slow filtration. The miracidia of 8. 
japonicum were killed by residuals 0.2 
to 0.4 mg/l in 30 min and of S. man- 
soni by 0.2 to 0.6 mg/l for 30 min. 
The ova of these Schistosoma were 
more resistant, requiring 30 min ex- 
posure to chlorine residuals of 4 to 
11 mg/I. 


Discussion 


In the treatment of sewage by trick- 
ling filter, activated sludge, or an- 
aerobie digestion, part of the microbial 
population is lost through inability to 
compete successfully for food, deple- 
tion of food supply. predation, presence 
of antimicrobial substances, ete. The 
resulting effluents will contain a por- 
tion of all the organisms present in 
the untreated sewage, and the aceumnu- 
lated solids will show higher econeentra- 
tions of microorganisms than the liquid 
portion. The agar plate count, coli- 
forms and enterococci are more numer- 
ous in sewage during the summer and 
early fall and frequently show larger 
reductions due to treatment during 
that time. Pathogenic enterie bacteria 
and viruses also exhibit similar varia- 
tion. Although S. typhosa is only in- 
termittently isolated from sewage, 
other Salmonella appear to be rather 
consistently present and are among the 
most important pathogens to the epi- 
demiologist and engineer. There are 
currently more than 300 types of Sal- 
monella with little species specificity 
and with a few exceptions, those pro- 
ducing infection in man are equally 
pathogenic for animals. Salmonella 
are not fastidious in their growth re- 
quirements and are able to survive for 
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long periods in sewage and sludge. 
They infect their hosts mainly by 
way of the alimentary tract and are 
eliminated in the feces. In contrast, 
tubercle bacilli also present in sewage 
has a more restricted host range, is 
more fastidious in growth require- 
ment, and is not likely to multiply 
in the environment. Its main portal 
of entry into its host is via the respira- 
tory tract. 

Pathogenic bacteria, virus, and para- 
sites in treated effluents constitute po- 
tential health hazards to persons using 
the receiving waters for recreational 
purposes. For the same reason, wet 
sludge and settled solids appear to be 
unsuitable for use in fertilizing vege- 
tables, lawns, and shrubbery. Because 
methods for demonstrating these or- 
ganisms are largely qualitative, esti- 
mates of the hazards involved cannot 
be accurately determined. Intermit- 
tent filtration or chlorination of efflu- 
ents reduces the pathogenic microbial 
content to less than demonstrable lev- 
els. Appropriate chlorine dosages, re- 
tention times, and residual levels must 
be devised to fit the specifie needs. In 
general, O-tolidine chlorine residual of 
1 mg/l or less for 15 min and O-toli- 
dine residuals of 1 mg/l for 1 hr pro- 
duce satisfactory final effluents for 
enteric bacteria and tubercle bacilli. 
It is also reported that ‘‘chlorination 
in amounts sufficient to reduce coliform 
bacteria to insignificant densities would 
be accompanied by parallel destruction 
of intestinal viruses’’ (14). 

Although chlorination is not, in gen- 
eral, satisfactory for parasitic ova in- 
sedimentation for one to 
two hours yields removals of high per- 


activation, 


Thus the solids derived from 
and sludges 
from trickling filters, activated sludge, 


centage. 
primary sedimentation 
and digestion processes are apt to con- 
tain large numbers of parasites, patho- 
To render 
this material innocuous it must be heat 
treated at 135°F 


venice bacteria, and viruses. 


for one hour or ex- 
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posed to extended composting or dry- 
ing. It is said that 12 to 15 months 
drying is sufficient to render M. tu- 
berculosis nonviable. In some climates 
drying alone is not very useful because 
it is necessary to dry the sludge to a 
very low level of moisture to destroy 
completely the viability of the helmin- 
thie ova. 


Summary 


1. Treatment by trickling filters, ac- 
tivated sludge, anaerobie digestion, 
and stabilization ponds will markedly 
reduce the numbers of pathogenic en- 
terie bacteria, virus, and tubercle ba- 
eilli in but the resulting 
effluents will contain a portion of each 
yxind of microorganisms present in the 
raw sewage. 


sewage, 


2. Appropriate chlorination pro- 
cedures will reduce these organisms in 
the effluents below demonstrable densi- 
ties. 

3. Chemical flocculation sedi- 
mentation appear to be the most ef- 
fective procedures for removal of para- 
sitie ova. 

4. Sludges should be heat treated or 
dried 12 to 15 months before use as 
fertilizers for vegetables, lawns, or 
shrubs. 

5. More data are needed to permit 
full evaluation of the problem; this 
is especially true in relation to the 
efficacy of stabilization ponds and to 
the removal of viruses. 

6. Better methods for the demon- 
stration and enumeration of pathogenic 
baeteria, fungi, and viruses are ur- 
gently needed. 
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Industrial Wastes 


POLLUTION MONITORING AND PREVENTION BY 
USE OF BIVARIATE CONTROL CHARTS 


By T. W. Brak, C. pe CourvaL, AND N. E. Cooke 


Consulting Biologist, Kingston, Ont.; Mathematical Statistician and Chemical Engineering 
Specialist, Canadian Industries Limited, Montreal, Que. 


At Millhaven, Ont., Canadian Indus- 
tries Limited owns a large industrial 
site. At present there are only two 
plants at this location, but it is possible 
that in the course of time there will 
be a very large complex of chemical 
plants there. The site is about 15 
miles west of Kingston bordering on 
the north channel of Lake Ontario 
across from Amherst Island. At pres- 
ent the lake front is very much in its 
natural state and it is the company’s 
desire to keep it in that unspoiled con- 
dition. 

As a consequence of this desire, pol- 
lution control measures were taken into 
account when the plants were being 
designed and a careful cheek is being 
kept on all the wastewater streams in 
order to keep harmful material out 
of the lake. However, it is reasonable 
to expect that no matter how carefully 
the pollution control apparatus were 
designed and no matter how earefully 
the waste streams are monitored, some 
materials of a harmful nature will get 
into the lake. Of course, the escape 
of relatively small amounts of waste 
materials does not usually cause pol- 
lution because of the dilution which oe- 
curs when the waste stream mixes with 
the lake water. With these thoughts 
in mind, it was decided that some 
method must be worked out to test the 
efficacy of the pollution prevention pro- 
*Presented at the 6th Annual Ontario 
Industrial Waste Conf.; Honey Harbour, 
Ont.; June 15-17, 1959. 


gram and that such a method should 
be capable of detecting any incipient 
pollution so that corrective measures 
could be taken promptly. 

In 1956 when this study was initi- 
ated, the only plant operating at the 
site was the Terylene plant in which 
synthetic textile fibers are made. It 
discharges only a small quantity of 
treated sanitary sewage diluted by 
large amounts of cooling water; hence 
it does not present a pollution problem. 
The purpose of the study was not so 
much to keep a check on the efficiency 
of the Terylene plant as to establish 
a basis for comparison after the sec- 
ond plant, in which ammonia was to 
be made, went into operation. 


Available Information 


Briefly the following information 
was at hand. The Sanitary Engineer- 
ing Division of the Ontario Depart- 
ment of Health had carried out a fairly 
complete chemical and bacteriological 
survey of the lake in that area in 
Sept. 1953. The findings indicated 
that the lake was free from any gross 
pollution, was slightly alkaline, had a 
pH between 8 and 8.5, and a slight 
degree of turbidity existed. The 
Dominion IHydrographer of the De- 
partment of Mines and Technical Sur- 
veys had conducted a study of the 
currents in the lake between Amherst 
Island and the mainland. He reported 
that in the winter of 1951 there were 
no noticeable currents. The study was 
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carried out by lowering measuring in- 
struments through the ice. 


Biological Surveys 


To understand the problem, it is ap- 
propriate to discuss the nature, pur- 
pose, and limitations of biological sur- 
veys carried out to obtain information 
as to the state of life in a lake. Ideally, 
it would be desirable to have a con- 
tinuous record of the numbers of each 
species occurring in the body of water 
under study. With several years of 
records such as this, any abnormal 
change in the numbers of animals or 
plants in the lake would be detected 
and an immediate investigation could 
be undertaken to find the cause of 
such a change. 

However, in developing a practical 
system the problem of how much in- 
formation must be collected to give a 
clear picture of the state of the life 
in the lake is one which requires con- 
siderable thought and experience and 
must be considered in the light of the 
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FIGURE 1.—Aerial view of Millhaven works. 
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use to which the data will be put as 
well as the local aquatie conditions. 


Purpose 


As stated before, the primary pur- 
poses for these data were: (a) to check 
on the efficacy of the waste treatment 
arrangements, and (b) in the event of 
a malfunctioning or inadequacy of the 
equipment, to permit detection of the 
onset of pollution. To have data satis- 
factory for these purposes, it is neces- 
sary to satisfy the following condi- 
tions: 


1. Sampling must be on those ani- 
mal populations which will respond 
most markedly to the effects of pollu- 
tion. 

2. The sampling pattern must be 
arranged in such a manner that the 
results from certain points will indi- 
cate the oeeurrence of pollution long 
before the results from other points 
indicate anything except normal 
behavior and thereby differentiate be- 
tween a change brought about by pol- 
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lution and one brought about solely 
by natural causes. 

3. The results of the surveys must 
quickly and clearly indicate the pres- 
ence or absence of pollution. 

4. Enough sampling must be done 
so that variations caused by chance, 
season, and difference between sam- 
pling locations can be accounted for 
statistically. 

5. The surveys must be carried out 
at intervals short enough so that if 
pollution is inadvertently initiated the 
indication can be quickly noted and 
steps taken to correct the situation be- 
fore any real damage is done. 


Consideration has been given to the 
use of a number of biological survey 
methods deseribed in the literature. 

Most of the methods used or advo- 
cated in the past have been either 
qualitative, or at best have been only 
very roughly quantitative (numbers 
having been deseribed by such terms 
as ‘‘abundant,’’ ‘‘ frequent, searee, 
and ‘‘oecasional’’). Few if any sur- 
veys have been reported in which num- 
bers of animals have been given with 
sufficient detail to enable the results 
to be represented statistically. One 
reason for this is that the taking and 
counting of quantitative samples in- 
volves a great deal of labor and in 
most eases facilities for this have not 
been available. Surber (1) has given 
a good review on this subject. 

On the other hand, a group at the 
Philadelphia Academy of Natural Sci- 
ences has developed a quantitative sur- 
vey (2). This type of survey studies 
all aspects of a river—chemieal, physi- 
eal, and biological—with the intention 
of furnishing data so that any future 
change in the state of the river can be 
assessed. 

The Philadelphia Academy has also 
developed an instrument known as a 
diatometer (3) which permits the col- 
lection of data which ean be analyzed 
statistically for a significant change. 
In this case, however, it was not con- 
sidered advisable to restriet the mon- 
itoring to diatoms. 
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Without discussing the relative 
merits of biological surveys versus bio- 
assays (4), it can be stated that for the 
case at hand a biological survey in the 
lake itself gives more information. 
Bio-assays are excellent for determin- 
ing the proper concentration to which 
a waste stream must be diluted before 
discharge, but it is ineapable of as- 
sessing the long-term effect of the 
wastes on the life in the lake itself. 
In addition, at present no discharge 
from either of the plants contains any 
material in concentrations strong 
enough to do any damage to any organ- 
isms. However, if the situation should 
change and some waste streams con- 
taining materials known to be toxic 
were to be discharged, then the bio- 
assay method with captive animals 
would probably be used to monitor 
these waste streams in order to ensure 
that they are harmless before final dis- 
charge. 


Biological Indicators 


The five conditions which should be 
satisfied in developing a practical sur- 
vey system were enumerated more or 
less in order of increasing complexity. 
The first condition as to which animal 
populations are suitable indicators for 
pollution control studies has been re- 
solved many times, and is very well 
put by Patrick (2) who states ‘‘From 
a consideration of the literature, it 
became evident that the best type of 
biological measure would be one which 
was based on all groups of plants and 
animals living in the stream, particu- 
larly the sessile or attached forms or 
those which move about in only a 
relatively small area.’’ Since in the 
case of Millhaven the intention is to 
keep any pollution which might oe- 
cur localized to a very small area, any 
observations coneerning free-swimming 
forms such as plankton or fish would 
tend to be very unreliable. Therefore, 
it was felt that the first condition 
would be adequately satisfied by con- 
fining attention to the benthos or or- 
ganisms living in the mud on the bot- 
tom of the lake. 
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Sampling Pattern 


The second condition as to the sam- 
pling pattern also was not difficult to 


satisfy. Since there is very little cur- 


rent in the lake, the spread of any 


pollutant would be largely by diffusion 


and by wind or wave action. Since 


the discharge streams enter the lake 


in a relatively small area, the sampling 


points were placed on rings concentric 


with the outfall; the inner ring with 
three points at about 100 yd, the 
middle ring with two points at about 


1/3 of a mile, and an outer ring with 


three points at about one mile from 


the outfall. Figure 2 shows the sam- 


pling locations. 
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Evaluating Results 


The third condition dealing with the 
form in which the results of the sur- 
vey should be arranged in order to 
be readily assessable is somewhat more 
complex than the first and second con- 
ditions. Because of the widespread 
and highly suecessful use of quality 
control charts in industry, and since 
this problem is really very similar in 
that an attempt is being made to keep 
the lake water within certain control 
limits using the organisms as indi- 
cators, it was decided to adapt the 
control-chart method to this problem. 
An outline of the necessary modifica- 
tions is given in the sections dealing 
with the preparation of the charts. 
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FIGURE 2.—Location of sampling stations. 
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Sampling Size 


The fourth condition dealing with 
the amount of sampling necessary is 
one which cannot be answered a priori. 
At the outset it was arbitrarily decided 
to conduct surveys of two sizes: a 
large survey, consisting of six samples 
taken at each sampling point; and a 
small survey consisting of one sample 
taken at each point. Naturally the 
greater the number of samples taken, 
the greater the reliability that can be 
placed on the conclusions drawn from 
the data. Experience has shown that 
adequate information can be obtained 
by taking only one sample at each 
point each time a survey is conducted, 
once the baseline survey has been com- 
pleted. 


Sampling Frequency 


The fifth condition is the most diffi- 
cult to deal with and it can never 
be settled really definitely. The best 
that can be hoped for is that by sam- 
pling reasonably often the onset of any 
pollution will be detected soon after 
it starts and it can be stopped before 
much damage is done. During the 
first 14 mo of work, 12 surveys were 
earried out. Regular sampling now 
takes place at approximately 3-mo in- 
tervals. If any condition arises, such 
as a large spill of some solution, a 
special sampling survey is carried out 
to assess the effect. 


Experimental Procedure 


The depth of water in the part of 
the lake concerned varied from 80 to 
150 ft. Exeept for one point, the bot- 
tom was uniformly covered with a thick 
layer of mud, all of which passed 
through a 30-mesh sieve. The excep- 
tion was at one station where the mud 
contained about 10 per cent sand. 

The invertebrate fauna found on the 
bottom consisted almost entirely of 
oligochaete worms, snails, bivalve mol- 
lusks and chironomids (tendipedidae). 
There were two species of oligochaetes, 
seven species of snails, of which only 
five oceurred in significant numbers, 
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three species of bivalve mollusks, of 
which two belonged to genus Sphae- 
rium and one was a large clam of 
genus Elliptio. Fourteen different spe- 
cies of chironomid larvae were recog- 
nized, but only seven occurred in 
significant numbers. 

For the purposes of the major part 
of the survey the animals were not 
identified to species, but were divided 
into the four groups: oligochaetes, 
snails, bivalve mollusks, and chirono- 
mids. The exact number of animals 
of each group occurring in each sam- 
ple was counted and recorded. All 
samples were preserved and stored so 
that they could be re-examined at any 
time, and in addition, representative 
samples from each station were identi- 
fied to species, or at least to genus 
where species identification was diffi- 
cult. 

All samples were taken by means of 
a Petersen dredge. The jaws were 11 
in. across and 15 in. apart in the fully 
open position. Allowing for the fact 
that the jaws probably move inward 
about 1 in. from each side before they 
commence to sample accurately, this 
is taken to include one square foot 
of bottom. The samples were taken 
from a 32-ft motor boat, the usual 
type of hand crane being used to 
manipulate the dredge (Figure 3). 

All samples were sieved immediately 
after they were taken. A large-size 
sieve with a special copper gauze of 
approximately 30-mesh rating was 
used. The sieve retained all animals 
of the macroinvertebrate fauna and 
a small quantity of fibrous material 
mostly of plant or animal origin. Ex- 
cept for one station, all the mud 
passed through the sieve. 

The sieved samples were placed in 
jars and taken back to the laboratory. 
The animals were removed, sorted into 
groups, and counted while they were 
still alive. All animals were preserved, 
each sample being kept separate. 


Preparation of Control Charts 


Originally it was planned to prepare 
a standard control chart from the 
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FIGURE 3.—Sampling boat and equipment. 


background information collected dur- 
ing the first year, to plot the data 


collected 
this chart, and to observe if the points 
stayed within the control limits. When 
this was done, as in Figure 4, 


from succeeding surveys on 


it was 
found that the natural seasonal varia- 
tion forced the control limits to be 
somewhat wider than had been antici- 
pated. Since the 


seasonal variation 


| means of jNNER(W) and OUTER(@) rings 


is not exactly chronological it is im- 
possible to remove this variation on the 
basis of time alone. This is to be ex- 
pected since the same number of ani- 
mals will not be present on the same 


date each year because, for example, 
in one year spring may be earlier than 
in other years or the amount of rain 
one year may be greater than normal. 

One would expect, however, that the 


large survey — large symbol 
small survey — small symbol 


Note 


small survey 


200 4 ’ 
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FIGURE 4.—Control chart prepared from background information. 
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FIGURE 5.—Perspective representation of prism from which control 
chart is prepared. 


effect of weather and season on the 
animals found in two different places 
in the lake should be the same, pro- 
vided depth and type of bottom are 
similar. Using this fact it should be 
possible to find a general relationship 
between the two groups of animals 
from different positions which is inde- 
pendent of seasonal variation. 

It is well at this point to digress 
slightly and discuss the fundamental 
concepts involved in control charts. 
A standard control chart is simply 
ee the projection or plan view of an in- 
finite prism with the upper surface in 

the shape of a normal curve. Figure 
; 5 shows the prism. Figure 6 is the 
projection or plan view which consti- 
tutes the control chart. A similar con- 
trol chart can be made for the joint 
distribution of two variables but it 
is somewhat more difficult to represent. 
Figure 7 is an isometric drawing of a 
series of bivariate normal distributions. 
This corresponds to the infinite prism 
shown in Figure 5. Figure 8 is the 
projection into three dimensions and 
is in general an elliptical tunnel, the 
boundaries of which are the control 
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limits of the distribution. This tunnel 
is the control chart and corresponds to 
Figure 6. The system is considered in 
control if the point is inside the tun- 
nel and out of control when the point 
passes outside the boundary. This is 
exactly analogous to the normal con- 
trol chart. Since it is somewhat eum- 
bersome to plot results in three dimen- 
sions, it is usually quite sufficient to 
sacrifice the time dimension and work 
only with the boundary of the tunnel 
as in Figure 9. 

In a chart there is no necessity for 
the variable to be normally distributed 
although in the ordinary control chart 
it is usually so distributed. Likewise 
the bivariate control chart need not 
be constructed from joint normal dis- 


FIGURE 6.—Control chart developed from 
prism in Figure 5. 
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FIGURE 7.—Isometric drawing of a series 
of bivariate normal distributions. 


tributions. The important thing to 
find in all control charts is the econ- 


trol limit inside which 95 per cent 
or some other significant level) of 
the points will fall under normal cir- 
cumstances. In general these control 


limits are not necessarily ellipses but 


will be some closed curve. 


Having reviewed this general con 


cept of bivariate control charts the next 


step is to indicate how they ean be 


used in the particular application at 
hand. 


As mentioned above, the outer sani- 
pling stations are about one mile from 


the sewer outfall, and as a consequence, 
should be little affected by ineipient 
pollution. They should be affected, 
however, by seasonal variations in a 
manner similar to that by which sam- 
ples on the inner ring are affected 
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since all stations are at approximately 


the same depth and the habitat is 
similar. 


CONTROL 


Limit 


PCOMTROL Limit 


Time 2 


CONTROL Limit 
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FIGURE 8.—Three-dimensional control 
chart developed from drawing in Figure 7. 
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FIGURE 9.—Two-dimensional projection 
of Figure 8. 


Bivariate control charts were con- 
structed on the basis of the background 
information collected during the first 
year using the number of animals 
collected at two different sampling sta- 
tions (at various times throughout the 
year) as + and y coordinates. 

The mathematical details involved in 
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the construction of these charts are 
straightforward but tedious. It is 
sufficient to say that the data were 
resolved into two independent distri- 
butions which were then multiplied to- 
gether to give the joint distribution. 
One of these independent distributions 
was the ratio of the number of ani- 
mals/sq ft found at the inner ring (or 
middle ring) to the number/sq ft found 
at the outer ring; and the other was 
the sum of these two numbers. (These 
two distributions showed no significant 
correlation. ) 

The control limits were then ob- 
tained from this joint distribution as 
follows: a family of univariate distri- 
bution eurves was obtained by inter- 
section of the surface of the joint dis- 
tribution with a plane perpendicular 
to the base and passing through the 
center of gravity of the joint distribu- 
tion at various angles. The tails of 
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FIGURE 10.—Chironomid control chart developed for samples from the inner and outer 
rings. Directional arrows trace the chronology of sampling. 


: 
rr 
CONTROL LIMIT 
z 
| 
| 
|_| 
| 
| 
| 
. 


SEWAGE AND INDUSTRIAL WASTES 


December 1959 


} 


| / 95-% control limit 


$9-% control | 


sq ft 


OUTER RING — chironomids / 


| | 
POLLUTION CONTROL CHART 


BASED ON THE 
CHIRONOMIDS 


+—— OUTER RING VS. MIDDLE RING 
THE 


|. NORTH CHANNEL OFF MILLHAVEN 


| | 


0 140 


220 240 260 280 300 


MIDDLE RING —chironomids / sq ft 


FIGURE 11.—Chironomid control chart developed for samples from the outer and 
middle rings. Directional arrows trace the chronology of sampling. 


these distributions corresponding to 95- 
and 99-per cent confidence limits were 
determined by numerical integration. 
The locus of these points after a trans- 
formation of co-ordinates gave the econ- 
trol limits shown in Figures 10 through 
13 

In subsequent tests the points fall in- 
side the control limit 95 per cent (or 
99 per cent) of the time under normal 
conditions. If, however, the animals at 
one sampling station are fewer (or 
greater) than what would be normally 
expected, then the point will pass be- 
yond the control limit and indicate an 
abnormal condition. When a point is 
inside the 95-per cent limit the situa- 
tion is considered normal. If the point 
falls outside the 99-per cent control 
limit another survey is carried out as 
soon as feasible to cheek the findings. 
If the point should still lie outside, 
then action would be taken inside the 


works to find the cause. If several 
consecutive points taken at normal in- 
tervals fall between the 99-per cent 
and 95-per cent limit again the situa- 
tion is presumed to be abnormal and 
the same corrective action would be 
taken. 

Figures 10 and 11 use chironomids 
as the test animals. The ordinate in 
both cases is the average number of 
animals per square foot of bottom 
from the samples taken at the outer 
ring. The abscissa in Figure 10 is this 
same average number of animals from 
samples taken at the inner ring. In 
Figure 11 the abscissa is used to plot 
corresponding values for those samples 
taken at the middle ring. Figures 12 
and 13 show the same eharts using 
bivalve mollusks as the test animals. 
Similar charts have also been con- 
structed for the gastropods and oligo- 
chaete worms. 
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Use and Application of the Charts 


A brief study of Figures 10 through 
13 shows that up to the fall of 1957, 
the points on the control charts wander 
in a truly random fashion. After this 
date, Figure 10 shows four points out- 
side the 99-per cent control limit all 
within a relatively short period of time. 
The chances of this happening by 
natural causes alone are less than 1 in 
100,000,000. As can be imagined this 
finding caused considerable concern, 
and a concerted effort was made inside 
the works to find out what was being 
put into the lake to cause this change. 
The answer was not found until a 
sample of mud brought up from the 
bottom of the lake during the sampling 
procedure was noticed to have a pe- 
culiar smell. This odor was identified 
as coming from an organic heat-trans- 
fer medium. Further investigation 
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showed that a tank containing this ma- 
terial was spilling into a sump and this 
sump drained into the sewer outfall. 
The spillage was stopped and, as can 
be seen, the control point moved back 
within the control limits. The behavior 
of the control point in Figure 12 shows 
similar but less pronounced movement 
during the same period. 

This spill provided an exceptionally 
good test of the monitoring system. 
The temporary upset in the life of the 
lake around the outfall was so small 
when it was detected that it would 
not have been detected at all if it 
were not for these control charts. 

Undoubtedly other methods of sta- 
tistical control can be developed for 
this application, but the one described 
is more than adequate in indicating 
whether the system is in or out of 
control, and it is exceedingly simple 
to understand and use. 
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FIGURE 12.—Mollusk control chart developed for samples from the inner and outer rings. 
Directional arrows trace the chronology of sampling. 
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FIGURE 13.—Mollusk control chart developed for samples from the outer and 
middle rings. Directional arrows trace the chronology of sampling. 


Summary and Conclusions 


This paper deals with the problem 
of preventing pollution of the waters 
of Lake Ontario adjacent to the site 
of a large chemical plant. Sampling 
of several groups of benthos according 
to a predetermined pattern has been 
done so that variations caused by 
chance, season, and difference between 
sampling locations can be treated sta- 
tistically. Bivariate control charts 
have been constructed which enable all 
of these variations to be adequately 
assessed by simply plotting the results 
of the survey on the chart. 

The experience gained in the use of 
this system of surveys and charts 
shows that it is very sensitive and that 
it can detect the onset of an adverse 
situation long before a trained ob- 
server would suspect that any trouble 


was developing. 
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UTILIZATION OF SUGARS IN SPENT SULFITE 
LIQUOR BY A GREEN ALGA, CHLOROCOCCUM 
MACROSTIGMATUM 


By Tuomas E. MALonrey 


Robert A. 


Taft Sanitary Engineering Center, Public Health Service, 


Cincinnati, Ohio 


biological stabiliza- 
tion of domestic wastewater as well as 
wastes from a variety of industries, in- 
eluding canning (1), slaughterhouse 

2), and kraft paper mill wastes (3) 
has become a widely accepted practice. 
Spent sulfite liquors are usually not 
lagooned for the sole purpose of sub- 
jecting them to biological oxidation, 
but these lagoons also serve for storage 
until controlled release can be accom- 
plished during high flow in receiving 
streams or to estuaries at ebb tide 
(4). 

The primary role of algae in these 
oxidation or stabilization lagoons is 
often considered to be that of pro- 
viding oxygen through their photosyn- 
thetic processes for the respiration of 
aerobic bacteria which, in turn, sta- 
bilize the organie matter in the sew- 
age by their digestive and oxidative 
activities. 

Since the lagooning of paper mill 
wastes offers a potentially economical 
method for their disposal, a study 
was undertaken of the role of algae 
in their treatment. The algae were 
investigated under laboratory condi- 
tions apart from all other organisms. 
Many species of algae have the ability 
to assimilate a variety of carbohydrates 
(5), and these carbohydrates may also 
serve as carbon and energy sources for 
algal growth in the dark. The total 
solids of spent sulfite liquors contain 
approximately 20-per cent reducing 
sugars which are responsible for about 
65 per cent of the BOD (6). In the 
work reported here, spent sulfite liquor 
was employed as a souree of carbo- 


Lagoonine for 


hydrates, and the ability of an alga 
to assimilate these carbohydrates and 
to use them for growth in the dark 
Was investigated. 


Materials and Methods 


The alga used in all of the experi- 
ments reported here was Chlorococcum 
macrostigmatum Starr. The organism 
was maintained in pure culture, free 
of all other organisms, and its purity 
was routinely tested by inoculation into 
nutrient and _ thioglycollate broths 
(Difco), plating out on nutrient agar 
and mycophil agar (BBL) plates, and 
by microscopic examination. The basal 
culture medium on which it was grown 
was as follows: Ca( NO3)9:4H2O, 0.0058 
per cent; KoHPO, (anhydrous), 0.0010 
per cent; MgSO,-7H.O, 0.0025 per 
cent; NaeSi0,:5H.O, 0.0044 per cent; 
ferric citrate, 0.00035 per cent; and 
citrie acid, 0.00035 per cent. 

All experiments were carried out 
with calcium base spent sulfite liquor 
which resulted from the pulping of 
sprucewood and had been concentrated 
to 57-per cent solids or approximately 
one-fourth its original volume. The 
liquor was provided by the Sulphite 
Pulp Manufacturer’s Research League, 
Appleton, Wisconsin. 

The sugars in spent sulfite liquor are 
present largely as monosaccharides and 
on the basis of total reducing sugars 
present are distributed as follows (7) : 
xylose and arabinose, 17.0 per cent; 
mannose, 42.7 per cent; fructose, 4.0 
per cent; glucose, 28.9 per cent; galac- 
tose, 4.2 per cent; and 
acid, 3.2 per cent. 
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Algal growth in the basal medium 
containing 1.0 per cent of the spent 
sulfite liquor concentrate (0.57-per cent 
total solids) was compared with growth 
in the basal medium alone.  Erlen- 
meyer flasks of 125 ml capacity each 
contained 30 ml of growth medium with 
a 6.7-per cent inoculum of an actively 
growing algal culture. The flasks were 
shaken on a reciprocating shaker at 
the rate of 100 cycles per minute un- 


der fluorescent lighting of approxi- 
mately 200 ft-e intensity. When 


growth in the dark was to be studied 
the flasks were wrapped in aluminum 
foil and then covered over loosely with 
a sheet of aluminum foil. Duplicate 
series of flasks were kept in all ex- 
periments. The cell counts were made 
with a haemacytometer at a microscope 
magnification of 430 x. Dry weights 
were determined by centrifuging 20 
ml of the algal culture at 1,500 times 
gravity, resuspending the pellet three 
times in distilled water, and then 
weighing after drying overnight in 
tared aluminum cups at 105°C in a 
hot air oven. 

Sugar utilization studies were con- 
ducted in stationary cultures in 500 
ml Erlenmeyer flasks and sugar de- 
terminations were made by the method 
of Dubey et al. (8), which is a modi- 
fication of the Somogyi method. For 
comparing sugar utilization in the light 
and dark, a 1.0-per cent solution (0.57- 
per cent solids) of the spent sulfite 
liquor concentrate in the basal medium 
was used, the dark grown cultures be- 
ing enclosed in aluminum foil as above. 

The basal medium was supplemented 
with various concentrations of nitro- 
gen, as Ca(NOxs)o°4H.O, in order to 
determine its effect on sugar utiliza- 
tion in the light. The same concen- 
trations of spent sulfite liquor (0.57- 
per cent solids) as above were used in 
these experiments. 

The sugar assimilated by the alga 
in varying concentrations of spent sul- 
fite liquor was also investigated. These 
experiments were carried out in the 
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light and 1.0-, 3.0-, and 5.0-per cent 
solutions of the spent sulfite liquor 
concentrate were employed. A nitro- 
gen concentration of four’ times 
|0.0232-per cent Ca( NO3)2°4H2O] that 
in the basal medium was used and the 
media were buffered to pH 7.0 with 
cent tris (hydroxymethyl) 
aminomethane. 

In all cases the media and solutions 
of spent sulfite liquor were sterilized 
by heating under pressure. Since the 
spent sulfite liquor had already been 
subjected to heat treatment during 
concentration, it was assumed that this 
type of sterilization would not further 
degrade the sugars. 


Results and Discussion 


Effect of Spent Sulfite Inquor on Algal 
Growth 


The basal medium, both with and 
without the spent sulfite liquor, was 
found to support good growth of the 
alga. There was a slight decrease in 
cell numbers when the alga was grown 
in the light in the basal medium con- 
taining 1.0 per cent of the spent sulfite 
liquor concentrate (Figure 1). In the 
basal medium alone the cell count 
reached a high of nearly 8 xX 10° cells 
per ml while that with the spent sulfite 
liquor was slightly over 7 X 10° cells 
per ml. Although the difference is 
slight, the presence in the spent sulfite 
liquor of some substance which is in- 
hibitory to the alga is possible. 
ever, other explanations 
for this slight decrease in cell num- 
The forms of the algal growth 
eurves, both for cell numbers and cell 
dry weights, indicate that the lag 
phase of growth was shortened by the 
presence of spent sulfite liquor and 
thus the exponential phase of growth 
was The possibility 
exists that because growth in the pres- 
ence of spent sulfite liquor was more 
rapid, the available nitrogen was con- 
sumed at a more rapid rate and thus 
cell division ceased at an earlier stage. 
The fact that the cell dry weights were 
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FIGURE 1.—Comparison of growth of Chlorococcum 
spent sulfite liquor (SSL) with that in the basal medium. 


greater in the presence of spent sulfite 
liquor than in the basal medium alone 
further supports this, and also indi- 
cates that the alga was able to as- 
similate some of the material present 
in the spent sulfite liquor. 

The spent sulfite liquor was able to 
support growth of the alga in the 
dark. Although the cell counts were 
much higher in the light than in the 
dark, there was little difference in the 
cell dry weights of the two (Figure 


2). Thus, not only does spent sulfite 
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liquor serve as an energy and carbon 
source for dark growth of the alga, 
but also assimilation of material from 
the spent sulfite liquor can take place 
independently of the photosynthetic 
process. 


Sugar Utilization by the Alga 


There is little doubt that the sugars 
are the spent sulfite liquor component 
responsible for supporting dark growth 
of the alga. Although the sugar was 
initially used more readily in the light, 
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FIGURE 2.—Comparison of growth of Chlorococcum macrostigmatum in the light and in 
the dark in the presence of spent sulfite liquor (SSL). 
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TABLE I.-—-Utilization of Spent Sulfite Liquor 
Sugars in the Light and Dark by 
Chlorococcum macrostigmatum 


Hours Sugar Used 


per cent) 


a) Light Grown 


68.0 3,175,000 287.5 7 
162.5 5,175,000 622.5 52.4 
236.5 5,587,500 705.0 60.9 


b) Dark Grown 
7 68.0 720,000 122.5 Q 7 
162.5 4,250,000 165.0 52.7 
236.5 $106,000 575.0 63.5 
- that used in the dark was_ finally 
slightly more than that used in the 
light (Table | This sluggishness of 
sugar utilization in the dark is also 


indicated from the dry weight growth 
Figure 2 


where the synthesis 
of cellular material in the dark lagged 
behind that in the light. 

The amount of available nitrogen in 
the medium had a pronounced effect 


TABLE II. 


0.0058-per cent Ca NO 1H) 0.01 16-per 


Sugar 
| Dry Wt.) ‘Used Cells ‘ml 
mi per cent 
117.0 $812,500 420.0 29.9 7,306,250 
188.5 5,025,000 385.0 16.1 7,337,000 
381.5 1,850,000 375.0 51.6 7,342,500 


t Ca(NOs)2-4H20 


Sugar 
1) Used 


per cent 


Cells /ml 


72.0 2,243,750) 132.5 16.9 2,987,500 
167.5 12.162.500 | 765.0 68.0 16,435,000 
240.0 | 13,343,750 | 760.0 Tar 17,100,000 
336.0 | 13,868,750) 742.5 80.6 17,368,750 
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on sugar utilization by the alga. In 
the first experiment where the avail- 
able nitrogen was inereased twofold 


0.0116-per cent Ca(NOx)o°4H2O] and 


fourfold 0.0252-per cent Cal NO3) 0° 


f11.0| over that in the basal medium, 
the sugar utilization was increased 


ftom 51.6 per cent in the basal medium 
68.4 per cent with double the avail- 
allle nitrogen and to 84.2 per cent 
with four times the available nitrogen, 
in} 381.5 hr (Table II The rate of 


of{ algal growth, was also increased 
substantially. When the available ni- 
trdgen was inereased to six times 


0.0348-per cent Ca( and 
eight times |0.0464-per cent Ca( NOs)» 
-4H1.0] that in the basal medium, the 


degree of sugar utilization was not in- 
In fact, the of 
utilization was less in these concentra- 
tions than in the fourfold nitrogen con- 
centration. On the other hand, the 
cell count and dry weight measure- 
ments were greatest in the medium econ- 
taining six times the amount of nitro- 
gen in the basal medium. 

Since the additional available nitro- 


ereased. rate sugar 


Effect of Available Nitrogen on Spent Sulfite Liquor Sugar Utilization 
by Chlorococcum macrostigmatum 


1) EXPERIMENT I 


0.0232-per cent 


Sugar yar 
Dry Wt Calle/ent Dry Wt 
(ug/ml) ug ml 

per cent per cent) 
135.0 13.9 10,306,250 540.0 18.7 
185.0 65.4 12,000,000 | 647.5 65.9 
$72.5 68.4 14,475,000 670.0 84.2 


0.0464-per 


cent Ca(NO 


ry Wt Sugar ry Wt Sugar 
Dry ‘Used Pry Wt-| “Used 
cent per cent) 


167.5 5.7 2,918,750 107.5 10.1 
660.0 66.0 15,175,000 670.0 66.4 
775.0 72.4 15,187,500 700.0 74.5 
920.0 80.2 16,037,500 | 725.0 79.8 
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TABLE III.—Utilization of Sugars in Various Concentrations of Spent Sulfite Liquor 
by Chlorococcum macrostigmatum 


Spent Sulfite Liquor Concentration 


1 Per Cent of Concentrate 
(0.57-Per Cent Solids) 
| 
Sugar 
Used 
(g/)) 


0.72 
0.96 
1.00 
1.00 


Per Cent 


120.0 
192.0 
312.0 
456.0 


gen increased sugar utilization by the 
alga, consideration could be given to 
the lagooning of spent sulfite liquor 
along with domestic sewage or effluent 
from sewage treatment plants. The 
latter are usually rich in nitrogen and 
other nutrients, such as phosphates and 
which the algae require. 
Thus the necessary nutrients for main- 
taining algal growth would be pro- 
vided while the algae are assimilating 
the sugars present in the spent sulfite 
liquor. Not only would the BOD of 
the spent sulfite liquor be lowered 
markedly, but by harvesting the algae, 
the nutrients present in the domestic 
sewage would, at least to some extent, 
be removed. Consideration could also 
be given to using the harvested algae 
as an animal food. This proposal has 
been made with reference to sewage 
oxidation ponds (9). 

Calcium base spent sulfite liquor was 
used exclusively in this study. How- 
ever, many of the algae utilize am- 
monia nitrogen more readily than ni- 
trate ‘nitrogen and it is possible that 
assimilation would be greater 
and more rapid in ammonia base spent 
sulfite liquor. 


sulfates, 


sugar 


If so, supplementation 
of the spent sulfite liquor with a nitro- 
gen source would be unnecessary. 


Sugar Utilization in Various Concen- 


trations of Spent Sulfite Liquor 
sugar utilization in 
3.0-, and 5.0-per cent solutions 


The degree of 


1.0-, 


3 Per Cent of Concentrate 
(1.71-Per Cent Solids) 


Sugar 


5 Per Cent of Concentrate 
(2.85-Per Cent Solids) 


Per Cent 
Sugar 
Used 


Per Cent 
Sugar 
Used 


Sugar 
Used 
(g/l) 


Used 


(g/l) 


0.79 
2.22 
2.47 
2.93 


13.9 
35.7 
41.3 
51.0 


1.25 
1.83 
2.02 
2.19 


39.4 
56.5 
63.0 
68.0 


of the spent sulfite liquor concentrate is 
shown in Table III. The sugars are 
used more readily in the 1.0-per cent so- 
lution, where more than 70.0 per cent 
of the available sugars was used in 120 
hr. In the higher concentrations there 
was a decided lag in sugar utilization by 
the alga. Since the spent sulfite liquor 
is dark brown in color, there would 
not be as much light penetration into 
the cultures having the higher econcen- 
trations and this could account for the 
lag in sugar assimilation. The fact 
that spent sulfite liquor is assimilated 
less rapidly in the dark has been dis- 
cussed earlier. 

Although the highest percentage 
(88.4) of sugar was utilized in the 1.0- 
per cent solution of the spent sulfite 
liquor concentrate, on a weight basis 
more sugar (2.93 ¢/1) was used in the 
5.0-per cent solution in the same length 
of time. However, the latter represents 
only a 51.0-per cent reduction in the 
available sugars. 

Further experimentation 
sary to determine which of the sugars 
present are assimilated by the alga. 
Since glucose and mannose account for 
over 70 per cent of the sugars in spent 
sulfite liquor, it is safe to assume that 
both of these hexoses are involved. 
Other species of algae may be found 
which would utilize those sugars not 
affected by the species used here, and 
perhaps a sugar utilization of close to 
100 per cent might be achieved. 
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Summary and Conclusion 


Laboratory experiments were con- 
ducted to determine the ability of a 


green alga, Chlorococcum macrostig- 
matum, to utilize the sugars present in 
spent sulfite liquor. The alga was 


grown in pure culture, free of all other 
microorganisms, in a basal medium con- 
taining various concentrations of the 
spent sulfite liquor. 

The results indicate that the sugars 
are assimilated by the alga and also 
that they serve as a carbon and energy 
source for growth of the alga in the 
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Streams have many important fune- 
tions in the economy of the nation, 
but these functions vary from place 
to place. Both natural and man-made 
pollution interfere to some extent with 
their satisfactory performance. Often 
it is desired to satisfy two or more 
economic water needs in a particular 
locality, and these may be mutually 
exclusive where pollution is the con- 
trolling factor. Pollution may be de- 
fined as the discharge of material that 
unreasonably impairs the quality of 
water for maximum beneficial use in 
the over-all public interest. This defi- 
nition is fine in principle but difficult 
to apply because of lack of agreement 
on what constitutes unreasonable im- 
pairment of water quality. Even the 
well-intentioned find it hard to resolve 
this question because specifie knowl- 
edge about the actual effects of most 
pollutants is very scanty. It is the 
purpose of this paper to explore some 
of the things known about one species 
of stream pollutants—suspended sol- 
ids. 

Suspended matter is regarded as a 
stream pollutant of variable severity 
but there are no sound eriteria for 
defining its effect on water quality. 
Where streams carry such a high con- 
centration of silt that deposits must 
be dredged to open channels it is obvi- 
ous that there is gross overloading. 
If the silt has a natural origin there 
is usually little that can be done about 
it, but if it comes from manufacturing 
operations or municipal sewers the situ- 
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ation can be corrected by installation 
of appropriate recovery devices. But 
there is no rational way to prescribe 
the degree to which suspended solids 
must be removed from wastewater to 
prevent unreasonable impairment of 
the receiving stream. 

Three principal reasons are cited 
against discharge of suspended solids: 
(a) interference with self-purification 
by diminishing photosynthesis and by 
smothering benthic organisms, (b) 
damage to fishing by direct effects on 
the fish themselves and by destruction 
of spawning grounds, and (¢) the un- 
sightliness of discoloration. 


Inhibition of Self-Purification 


Photosynthesis is the most important 
of all natural phenomena because 
maintenance of all life depends on it. 
Every day almost a billion tons (1) 
of organic matter is destroyed by oxi- 
dation which converts it into carbon 
dioxide, water, nitrogen compounds, 
and minerals. During the same period 
an equal amount of organic substance 
is created by a process which expels 
oxygen from its stable union with 
earbon, hydrogen, and nitrogen, and 
recombines the liberated atoms into in- 
tricate patterns that contain the se- 
erets of organie growth. Life thrives 
on death, not only because the material 
for organie synthesis comes from the 
decay of living matter, but because 
oxidation is the main source of the 
energy of life. Every movement of 
the animal body consumes energy and 
the main source of this energy is 
respiration, a process of slow combus- 
tion of organic compounds in the liv- 
ing body. A portion of the chemical 
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energy of organic matter is thus used 
for the manifestation of life, while the 
larger part is lost in the decay of dead 
bodies, vegetation, and exeretions. 
The energy liberated during oxida- 
tion of organic matter has been dissi- 
pated into the atmosphere and the 
hydrosphere, and has become prac- 
tically unavailable for reconversion 
into chemical energy. Thus, the prod- 
ucts of oxidation cannot be regenerated 
unless energy is provided by an ex- 
ternal source. Sunlight is the only 
external energy that continuously 
reaches the earth’s surface. Light ean 
be converted into chemical energy, but 
this requires intervention of a mecha- 
nism which can prevent conversion of 
the energy into heat. This mechanism 
is provided by the chlorophyll in green 
plants. The process by which these 
plants employ the energy of sunlight 
to synthesize organic compounds from 
earbon dioxide and water is the most 
fundamental of biochemical reactions. 
Chemically speaking, the green plants 
are the only productive section of the 
earth's population; they alone enable 
animals and heterotrophie plants to 
subsist They aceumulate energy, 
while other organisms dissipate it. 
There is a large amount of photo- 
synthetic activity in surface water. 
Various chlorophyll-bearing  miero- 
scopic organisms, algae, and aquatic 
green plants synthesize organie matter 
from carbon dioxide and other nutri- 
ents dissolved in the water. Oxygen 
is liberated as a byproduct of photo- 
Synthesis and in many eases this is the 
principal source of dissolved oxygen 
in water. This biochemical process is 
dependent on the intensity of the sun- 
light that impinges on the chlorophyll- 
containing organisms. Thus, there is 
a direct relationship between the rate 
of photosynthesis and the extent to 
which organisms absorb solar radiation 
up to the point of light saturation. 
There is no increase in photosynthesis 
when this point has been reached: it 
occurs where plants are exposed to 
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undiminished solar radiation when the 
sun is directly overhead. 

Radiation important to photosyn- 
thesis lies in the range of wavelength 
from about 350 to 700 my, i.e., from 
the ultraviolet through the visible 
spectrum to the infrared. With few 
exceptions the shorter wavelengths are 
more important than the longer ones. 
Clear water absorbs radiation, but the 
absorption is not uniform for all wave- 
lengths; in general, the shorter wave- 
lengths are absorbed the more strongly. 
Color, suspended solids, organic 
detritus, bacteria, and plankton in- 
crease absorption in rough proportion 
to the amounts present. Data on this 
physical factor are rather meager. 
Ellis (2) computed data from 202 sam- 
pling stations on the Mississippi, Mis- 
souri, Tennessee, Atlantic Coast, Gulf 
Coast, Rio Grande, Colorado, and Co- 
lumbia rivers systems to represent a 
composite of light penetration on 
streams supporting a good mixed fish 
fauna. These data, expressed as mil- 
lionth intensity depth in meters, ice., 
the level at which light entering the 
surface of a stream would be reduced 
to one millionth of its surface inten- 
sity, are given in Table T. 

Rabinowiteh (1) has cited data on 
a different basis to illustrate the effect 
of depth on light penetration. 

Ellis’ figures indieate that light 
penetration is reduced about 50 per 
cent in turbid water and 75 per cent 
when the water is very turbid to 
muddy. The data of Table IT show 
a reduction of 90 per cent for 50 
feet of ocean water and 90 to 94 per 
cent for 66 feet of lake water. Un- 
fortunately, these data tell nothing 


TABLE I.—Light Penetration as Millionth 
Intensity Depths in Meters 


Light Penetration 


Water Condition (meters) 
Clear 5 
Cloudy 24 
Turbid 17 
Very turbid 9 
Muddy 9 
Very muddy 6 
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TABLE Il.—Decrease in Light Intensity 


with Depth 
Water ody | 

Atlantic Ocean 0 | 1,076 
50 114 
100 37 

200 4.4 
Titisee Lake 0 100 
1 57 
| 2 32 
5 21 
| 10 13 
20 10 
Bodensee Lake | 0 100 
1 54 
| 2 30 
5 15 
10 9 
| | 20 6 


* Units: Atlantic Ocean, ft; Titisee and 
Bodensee Lakes, m. 
t Relative total intensity in arbitrary units. 


about the intensity of light required 
to provide a rate of photosynthesis 
that will satisfy the needs of particular 
stream sections. Thus, a basis is not 
at hand for regulating the discharge 
of suspended solids in terms of the 
effect on photosynthesis. 


Destruction of Benthic Organisms 


Bottom organisms play an extremely | 


important role in stream self-purifica- 
tion. These organisms comprise fungi, 
algae, protozoa, rotifers, and nema- 
todes; they are found in great variety 
in a thin film at the water-bottom inter- 
face. This film tends to exhaust dis- 
solved oxygen rapidly; below the film 
are generally found facultative or obli- 
gatory anaerobes. The enzyme systems 
of these organisms decompose proteins, 
carbohydrates, and fats to earbon di- 
oxide, water, and mineral salts such 


as nitrates. 

It is claimed that the subsidence of 
suspended matter forms deposits which 
smother benthic organisms and thus 
prevent them from doing their job. In 
examining this claim it will be helpful 
to distinguish between organie and in- 
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organic suspended solids, and between 
settleable, nonsettleable, and bed-load 
material. 

Organic solids are generally objec- 
tionable because of the demand they 
place on the dissolved oxygen resources 
of a stream. Domestic sewage, certain 
industrial wastes, and barnyard drain- 
age contribute plant and animal food 
which generate a vast population of 
microorganisms. In addition to sus- 
pended solids per se, biochemical ac- 
tivity often results in growths that ex- 
tract BOD from the water and settle 
or attach themselves to the stream bot- 
tom, e.g., Sphaerotilus. Organic de- 
posits put a heavy demand on the 
dissolved oxygen in the overlying wa- 
ter but they have a beneficial effect in 
that about 60 per cent of the potential 
BOD of the organies has no effect on 
the stream (3)(4)(5). This results 
from the fact that a large part of the 
material is decomposed anaerobically, 
yielding methane which has no oxygen 
demand. It is notable that organic 
deposits are most deleterious during 
a freshet which resuspends the ma- 
terial and thereby greatly increases the 
demand for dissolved oxygen. 

Inorganic solids are usually inert 
and their effect on the bottom organ- 
isms is largely mechanical. Where 
streams carry a high concentration of 
such solids and conditions favor their 
subsidence, the deposited material 
undoubtedly will smother bottom life. 
Except in the extreme ease of con- 
tinuous deposition of a large amount 
of inert solids, knowledge of the actual 
effect of these deposits is quite limited. 
It is not known, for example, whether 
a depth of a few centimeters has an 
appreciable ill effect. It is likely that 
the effects will vary with the density 
of the deposited particles because this 
will influence the tendency of stream 
currents to keep the deposited layer 
more or less stirred up. The kind of 
hottom life affected will be governed 
by its morphology. The motile forms 
probably would not have any difficulty 
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in staying on the surface of a semi- 


fluid layer, whereas non-motile or at- 
tached obligatory aerobes might be de- 


stroyed by a rather thin covering. 
Several years ago a laboratory study 
of the inert deposits was 
made. The test animals were tubifex 
Several hundred were placed 
in each of a number of 5-gal jars with 
a layer of sand on the bottom. Suspen- 
sions of flue dust were added to each 
of the jars and allowed to settle. 
Oxygen was supplied by bubbling air 
through the Periodically the 
deposited material was taken apart 
and the organisms counted. The mor- 
tality became appreciable only when 
the depth of dust exceeded about two 
centimeters (84 in.) and even then 
only about 50 per cent of the worms 
died. This limited study was merely 
indicative of the viability of a single 
species under adverse conditions, but 
it the need for further 
vestigations of this kind. 


effects of 


worms. 


water. 


suggests 


in- 


Factors Affecting Subsidence 
of Solids 


The differentiation of settleable from 
nonsettleable solids is purely arbitrary. 
Settleable defined those 
that will hour under 
quiescent This specifica- 


confusion 


solids 


settle 


are as 


in one 
conditions. 
beeause of 
the tacit assumption that ‘‘settleable 


solids’’ 


tion has caused 
are bound to settle in a stream 
whereas ‘‘nonsettleable solids’’ will 
not do The extent to which sus- 
pended particles will settle in a stream 
is governed by their size and density. 


the turbulence of the water, and, in 
an ill-defined manner, the dissolved 
solids present. The appearance of 


bars in rivers provides evidence that 
sedimentation but it 
difficult to understand the prevalent 
belief that practically all suspended 
solids actually settle in streams and 
that the deposits remain where they 
form. If this were really true, stream 
channels would be choked with 
ment. For example, 


does oceur, is 


sedi- 


a (6) 


survey 
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showed that at Braddock, Pa., the 
mean load of suspended sediment in the 
Monongahela River is 1,924 tons/day. 
The river at this point has a volume 
of about 345 acre-ft/mile. If the sedi- 
ment load settled and stayed where it 
dropped, a mile of river channel would 
be completely filled in a little less than 
a year. 

Stream hydrologists use the term 
‘*bed-load material’’ to define the set- 
tled sediment that actually flows on 
the bottom of stream channels a 
fairly dense fluid. More or less of the 
bed-load material is resuspended by 


as 


increased stream velocity resulting 
from rainfall runoff and it settles 


again when the stream flow diminishes 
sufficiently. If the stream velocity be- 
comes low enough the bed-load material 
will cease to flow and will accumulate 
until the next freshet flushes the de- 
posit away. In some eases the sedi- 
ment load is so great and the stream 
flow low long periods that 
freshets cannot resuspend the deposits. 
A flood may then occur or the stream 
may eut a new channel. The Missis- 
sippi delta is visual evidence of the 
enormous amount of sediment that has 
been earried downstream. 


fc 


SU 


The survey cited (6) showed that 
there is a good eorrelation between 
sediment loads and discharge rates, 


and between loads and drainage areas 
for a number of Middle Atlantie riv- 
ers even though the physical features 
of the several 
ably. 


basins differ consider- 
For example, the mean load at 
Sewickly, just below Pittsburgh on the 
Ohio River, was 4,339 tons/day and 
at Mound City, Tl., 950 miles down- 
stream, it was 128,600 tons/day. The 
relative proportions of these loads that 
were natural, industrial, and municipal 


»was not known, but the close correla- 


tion between loads and discharge rates 
that most of the 
had a natural origin. 


suggests sediment 

The problem confronting regulatory 
agencies in setting rational limitations 
on the discharge of suspended solids 
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lies in the fact that knowledge of the 
effects of such material is rather 
sketchy where concentrations are lower 
than those obviously excessive. The 


difficulty is compounded by inability 
to distinguish between the effects of 
natural silt and those due to indus- 
trial solids. 


Damage to Fishing 


Aquatic biologists generally condemn 
discharge of suspended solids because 
they damage fish by clogging or me- 
chanically abrading their gills and be- 


cause the material that settles kills 
bottom fauna and covers spawning 


grounds (2). They coneede, however, 
that soil erosion is the greatest and 
most widespread source of this type 
of pollutant (7). 

One biologist (8) has stated that 
there are many misconceptions about 
the effects of silt on fishes. In support 
of his contention he reported that the 
Ohio and Great Kanawha Rivers, gen- 
erally considered to be highly polluted 
streams, support a variety of fishes not 
materially different from those present 
50 or more years ago. He stated that 
the muskellunge is prolific in many 
streams in West Virginia and that it 
is commonly found in the muddiest 
waters, even though it has been recog- 
nized as an inhabitant of clean, clear 
streams. This prompted him to ask 
the rhetorical question, ‘‘ Actually, how 
much do we know about the effects of 
silt on fishes?’’ In partial answer he 
reported that 158 lb of fish was netted 
without difficulty in one night in shal- 
low water in West Fork River. This 
is a silty, muddy stream, rarely clear, 
but fish reproduee prolifically in spite 
of conditions normally unfavorable to 
the growth of aquatie life. 

These contrary views point to the 
real lack of understanding of local 
environments that favor or discourage 
development of a desirable fish popu- 
lation. Doubtless the findings of 
aquatie biologists are reported accu- 
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deductions based on specifie sets of 
conditions are universally applicable. 
Surely there is a need for much more 
research in field and laboratory to in- 
crease the knowledge about a subject 
that has so much popular appeal. 


Aesthetic Effects 


Streams that are naturally muddy 
rarely cause complaint because the pub- 
lie seems to realize that the condition 
results from soil erosion and that little 
ean be done about it. Where streams 
are black, red, yellow, or some other 
color it seems apparent that the dis- 
coloration must be caused by indus- 
trial wastes of one sort or another, and 
such conditions often create a public 
demand for abatement of the pollu- 
tion. 

Everyone would prefer all streams 
to be invariably clear, but many 
streams never were sparkling clear, 
even before the country was _ settled 
and the hills denuded of their forest 
eover. Complete removal of finely di- 
vided suspended solids from wastewa- 
ter is very costly and in some instances 
it would not result in an improvement 
in water quality. Certain suspended 
material has a highly tinetorial effect 
in very low concentration and often it 
conceals the natural brown shade of a 
turbid stream. Therefore, removal of 
such substances might not be in the 
publie interest because the expense of 
treatment is always borne by the citi- 
zens, either in the form of higher taxes 
or of increased prices for manufactured 
goods. This is not to say that dis- 
coloration should always be tolerated ; 
wherever it is practical to eliminate 
aesthetie nuisances it should be done. 


Industrial Suspended Solids Recovery 


In view of what has been written 
above, the question of effective recov- 
ery of industrial suspended solids can- 
not be answered to everyone’s satisfae- 
tion. Such answers as may be given 
ean be nothing but speculations, be- 
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cause factual information is not avail- 
able. 

A comprehensive survey (9) of the 
production and recovery of blast fur- 
nace flue dust in the Ohio Valley 
showed that the 78 furnaces in opera- 
tion at the time were producing an 
average of 204 lb of dust per ton of 
pig iron. Of this amount only 10 lb/ 
ton were being discharged to streams. 
Recovery of 95 per cent of this ma- 
terial would seem to be a ereditable 
performance, and there are no data 
to show that recovery efficiency needs 
to be increased. Flue dust is a mix- 
ture of iron ore, coke, and limestone. 
Recovered dust is sintered and re- 
turned to the furnaces for smelting 
with virgin iron ore. It is thus not a 
waste, and the steel industry desires 
to recover as much of it as possible. 
The particles discharged from recovery 
equipment are for the most part 
very finely divided. These particles 
settle quite slowly and probably be- 
come part of the bed-load material 
which eventually finds its way to the 
ocean. 

The steel industry is not satisfied 
with guesses about the behavior of the 
suspended solids it discharges, and re- 
search is in progress to provide a 
factual evaluation of the effects of 
such material on water quality. This 
is a long-range project because of the 
multitude of factors that must be 
taken into account, but the investiga- 
tion has already yielded information 
that has increased the understanding 
of suspended solids. 


Research on Sedimentation 


Various formulas have been devel- 
oped for predicting loads of suspended 
solids in rivers. These formulas have 
been based on studies made with flumes 
in a wide range of sizes. There is a 
large hazard implicit in efforts to re- 
late flume data to actual stream con- 
ditions because findings on natural 
streams sometimes contradict experi- 
mental data. Unfortunately, it is im- 
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practical to develop basic information 
any other way. 

A study of the behavior of a sus- 
pension of flue-dust particles was made 
in the laboratory with a straight ree- 
tangular flume 50 ft long and 5 in. 
square. The flume had rectangular 
weirs 4 in. high, about 18 in. from 
each end, to provide entrance and exit 
chambers. A quantity of 149 mesh 
(maximum particle size, 100 ,») flue 
dust was suspended in a liter of water 
and poured into the influent chamber, 
which was supplied with a steady flow 
of tap water providing a velocity of 
2 fpm in the flume. According to sedi- 
mentation theory, the 100-y particles 
should have settled about a foot from 
the inlet weir, the smaller particles 
should have settled at distances de- 
pending on their size and density, and 
the 6-» and finer particles should have 
passed over the effluent weir. Instead 
of this, roughly a third of the material 
settled in the influent chamber and 
practically all of the remainder settled 
within 10 ft of the influent weir. 

A series of runs was then made with 
325 mesh (theoretical maximum par- 
ticle size, 44 ») flue dust suspended 
in tap water. The suspension was 
stored in a 55-¢al drum equipped with 
a high-speed mixer. It was fed to the 
influent chamber through a tap in the 
bottom and the impeller of an electric 
mixer was placed directly over the 
opening to insure thorough agitation. 
Coneentrations of influent and _ efflu- 
ent solids were measured after equi- 
librium conditions seemed to have been 
attained, and particle-size determina- 
tions were made on the solids that 
settled and those that passed over the 
effluent weir. The Lamar photometric 
method was used for particle-size meas- 
urements. <A portion of the data is 
summarized in Table ITT. 


Run No. 1 


Of the particles that settled 5 ft 
from the influent weir, 76 per cent 
by weight were in the range of 8 to 
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TABLE III.—Data on Flume Studies 


Characteristic 

| 

Water velocity (fpm) 3.07 | 
Reynolds Number 2,620 | 
Influent (mg/l) 67 
Effluent (mg/l) | 
Amount discharged (per cent) 28.4 | 
Particles discharged 16-20 | 


Run No. 


2 3 } 4* | 5 6 

2.03 | 1.02 | 4.22 422 | 4.22 
1,750 | 870 | 3,630 | 3,630 | 3,630 
57 61 79 69 | 73 

2 | 10 | 2 +) 16 10 

2.1 | 164 | 279°! 232 | 137 
80-100 | 80-100 8-16 | 60-80 | 40-60 


* A layer of pebbles, { to 1 in., on flume bottom to simulate roughness. 


Tt Size range of largest particles discharged. 


40 » and 5 per cent by weight were 
in the 80 to 100 range. At 10 ft these 
percentages were 57 and 12, respec- 
tively. 
Run No. 2 

Of the particles that settled 15 ft 
from the influent weir, 75 per cent by 
weight were in the range of 8 to 40 » 
and 6 per cent by weight were in the 
80 to 100 range. At 30 ft these per- 
centages were 41 and 15, respectively. 
Of the particles passing over the efflu- 
ent weir, 19 per cent by weight were 
in the 80 to 100 range. 


Run No. 3 


Of the particles that settled 15 ft 
from the influent weir, 65 per cent by 
weight were in the range of 8 to 40 pn, 
and 24 per cent by weight were in the 
80 to 100 range. At 30 ft these per- 
centages were 48 and 12, respectively. 
Of the particles passing over the efflu- 
ent weir, 38 per cent by weight were 
in the 80 to 100 range. 


Run No. 4 


This run was made with a layer 
of pebbles to simulate a rough bottom. 
The weight percentages of the solids in 
the range of 8 to 40 p» that settled at 
2.5, 5, and 10 ft were 34, 81, and 72, 
respectively. The corresponding per- 
centages of particles in the 80 to 100 
range were 0, 2.5, and 7. 


Run No. 5 


This run was a duplicate of No. 4 
without pebbles. The weight percent- 


ages of the solids in the range of 8 to 
40 p» that settled at 2.5, 5, and 10 ft 
were 65, 69, and 90, respectively. The 
corresponding percentages of particles 
in the 80 to 100 range were 8, 4, and 0. 
Although 80 per cent of the particles 
leaving the flume were 16 » or finer, 
20 per cent were in the 60 to 80 range. 


Run No. 6 


This was also a duplicate of No. 4 
without pebbles. The weight per- 
centages of solids in the range of 8 to 
40 » that settled at 5, 15, 26.5, and 38 
ft were 87, 83, 71, and 64, respectively. 
No particles were present beyond the 
range of 40 to 60 ». In this run the 
solids that settled were siphoned from 
one-foot sections of the flume bottom at 
the midpoints of the above sampling 
points. The solids were filtered, dried, 
and weighed. The weights were taken 
to represent the average amounts set- 
tled in the four flume sections. In 
the order given above, the percentages 
of the total were 49, 31, 12, and 8. 


These data appear to contradict the 
normal conceptions of subsidence. Ac- 
cording to theory, particles settle most 
rapidly where water is quiescent, and 
sedimentation basins are designed to 
avoid disturbance of the fluid medium. 
Yet data from the flume studies showed 
that the amount of settling with lami- 
nar flow was less than it was when 
the flow was turbulent. It was obvious 
that agglomeration of particles had oc- 
curred, because the size analysis dis- 
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closed that particles more than twice 
the original 325-mesh size were recov- 
ered. Since agglomeration can result 
only from contact between particles it 
is probable that turbulence, which in- 
ereases the opportunity for contaet, 
caused the agglomeration that resulted 
in an inerease in settling rate. 

Dye studies were made at one stage 
of this Among other 
things it was observed that. at all water 
velocities used, a band of dye of greater 
concentration than the average flowed 
along the center of the bottom of the 
flume. 


investigation. 


This provides an illustration 
of the fact that a large proportion of 
the total sediment load of a 
tends to the 
channel. 


stream 
flow on bottom of the 

This preliminary study has led to 
a long-range project for evaluation of 
the physical and chemical factors that 
affect the subsidence of suspended sol- 
The 


ids in flowing streams. general 


approach provided a method for de- 
veloping an empirical equation for pre- 


dicting the performance of settling ba- 
(10 Laboratory and field data 


SIns 
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indicate that the equation may be gen- 
erally applicable to sedimentation 
problems. The validity of the equation 
is being tested in model work in which 
the prototype is an actual basin on 
which considerable field data are avail- 
able. 
Summary 


The experimental work reported here 
clearly demonstrated the need for fur- 
ther research. The findings to date 
suggest that theories of sedimentation, 
the with 
which they may be evolved from funda- 
mental principles, are not sufficiently 
comprehensive to permit dependable 
prediction of the behavior of suspended 
solids in natural streams. It may be 
anticipated that the investigations now 
in progress will be helpful in solving 
practical problems in this field. 


regardless of rigorousness 
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Stream Pollution 


The amount of radioactivity in a few 
surface waters of the world has now 
been increased above the natural back- 
ground level as a result of nuclear 
energy installations and the increased 
use of radioisotopes. As the use of 
atomic power and its byproducts be- 
comes more commonplace, it must be 
expected that the number of rivers and 
streams affected will inerease aceord- 
ingly and that the concentration of 
nuclides in the water will also inerease 
within permissible limits. Where river 
flow is adequate, the addition of radio- 
active waste may be substantial. Such 
is the case of the Hanford reactors on 
the Columbia River in Washington. 
In other cases planned release of radio- 
active waste may be so small that it is 
virtually insignificant. 

The contribution of wastes from in- 
dustrial, medical, and research uses of 
radioactive materials should not be 
disregarded sinee the total domestie 
shipments from the Oak Ridge Na- 
tional Laboratory through May of 
1958, has amounted to nearly 0.5 mil- 
lion e@ (1). However, about 80 per 
cent of this was Co or other irradia- 
tion source-type nuclides which, under 
normal circumstances do not enter 
waste streams. <A source of nuclear 
waste which may become even more 
significant to surface waters than the 
effluent from reactors or the drains 


* Presented at the Fifth Nuclear Engineer- 
ing and Science Conference; Cleveland, Ohio; 
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from laboratories is the ground water 
from disposal facilities of plants which 
process irradiated fuel elements. Even 
though the bulk of the high-level wastes 
is confined in some artificial or natural 
container, large quantities of water 
with low or intermediate concentra- 
tions of radioactive materials result 
from the later stages of all separations 
processes and will usually have to be 
disposed of at, or very near, the 
processing plant. In many cases dis- 
posal of such wastes will be into the 
ground or to pits on the surface in 
order to take advantage of the ion- 
exchange capacity of the soil and the 
time-lags which allow for decay of the 
isotopes with short and intermediate 
half-lives. At the Hanford plant the 
total volume of such waste has 
amounted to about 3 x 10° gal contain- 
ing some 2.4 x 10° e of beta emitters 
(2). At this site the topography, soil 
structure, and geology favor reten- 
tion and none of this material has been 
detected in the Columbia River. Con- 
ditions for surface disposal are less 
favorable at other major installations, 
and wastes containing fission products 
stored in pits at both Oak Ridge (3) 
and Chalk River (4) have seeped 
through the soil and appeared in 
streams and lakes receiving the drain- 


age. 


Estimation of Exposure 


Regardless of the means by which 
the wastes may gain entry into surface 
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the concentrations of radio- 
isotopes which result must be deter- 
mined in order that an evaluation of 
the potential radiation 
Since 


waters, 


exposure can 
radiation character- 
istics and biological importance differ 
for each isotope, the most abundant 
isotopes may not be the ones of great- 
est significance in the estimation of 
This necessitates identi- 


be made. 


the exposure. 
fication and quantitative analysis of all 
isotopes which might make a significant 
contribution to the exposure unless the 
gross concentration of the mixture is 
less than Fhe evaluation is 
further complicated since the contri 
bution which each isotope makes to the 
over-all exposure changes according to 
how the for 
drinking, swimming, boating, industry, 
production of fish and 
The contribution also varies 


water is used, such as 
irrigation, or 
wildlife. 
according to the types of exposure in- 
volved, such as dose to the 
tract, to the reproductive 
organs, or to other ‘‘eritical’’ 


gastro 
intestinal 
some 
organ, such as bone. 

Under controlled conditions 
inventories are maintained on the kinds 
and radioactive materials 
released, a first approximation of the 
exposure which may be expected to 
occur at 


where 


amounts of 


various points downstream 
ean be computed from hydrographic 
characteristics of 
This 
proach to waste management presup- 
poses that flow rates and travel times 
known with reasonable accuracy 
that mixing of the waste with 
the receiving water oceurs in a man- 
ner which is 


the reeeiving body 


of water. point-of-release ap- 


are 


and 


which can be 
predicted with reliability. A substan- 
tial amount of study may be necessary 
at major disposal sites in order to map 


known or 


*The lowest maximum permissible concen 
tration recommended for any beta emitter is 
8x 10-7 ywe/ee and for alpha emitters is 
radium at 4 10-8 (5). The International 


Commission on Radiological Protection recom 
safety factor of 10 
where application is to large populations (5 


mends an additional 
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the distribution of the waste with 
sufficient accuracy. Even where hydro- 
graphic conditions are favorable, such 
computations may either underestimate 
or overestimate the true exposure pres- 
ent. 


Loss of Radioactive Materials 
from the Water 


An overestimation of the hazard ean 
result because of loss of the radioactive 
materials from the water by processes 
other than radioactive decay. Such 
depletion, which may be considered a 
type of self-purification, has been ob- 
served in the Columbia River (6). 
After correction for radioactive decay 
the measured amounts of radioactive 
materials in river water at Pasco, some 
35 miles below the reactors, amounts 
to only about 40 per cent of the ex- 
pected calculated from the 
quantities released. The loss from the 
water results from the accumulation of 
certain isotopes by (a) living organ- 


amount 


isms, (b) suspended silt particles, and 
(ce) bottom sediments. The amount of 
depletion is different for each particu- 
lar isotope and, as shown in Table I, 
varies from less than 10 to more than 
60 per cent. 

A part of the removal can be ac- 
counted for in the plankton, attached 
algae, bottom organisms, fish, and 


TABLE I.—Removal of Radioisotopes from 


Columbia River Water* 


Fraction Removed 


Isotope I In 
Kennewick 
Water Water 
Treatment Treatment 


Na* 


0.5 0.5 0.4 
p2 0.3 0.9 0.7 
Sc* 0.4 0.8 | 0.6 
0.2 0 0.1 
Cue 0.6 0.8 0.4 
Zn® 0.4 0.6 0.4 
As™ 0.4 0.9 0.6 
3q 0.4 0.4 0 
Np? 0.3 0.2 0.3 


* From Reference 7. 
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other aquatie forms (8) (9). 
is even removed from 
the river altogether by waterfowl (10) 
and hatches of aquatic insects (11). 
The remainder of the deficit can reas- 
onably be accounted for by adsorption 
on silt particles. The marked tend- 
As™ to be fixed in or on planktonic 
organisms and suspended silt particles 
is further emphasized by the high pro- 
portions of these isotopes removed in 
the water filtration plants. 
lives of Cr®! and Zn™ are sufficiently 
long (27 and 245 days, respectively) 
and their initial concentration is high 
enough so that measurable acecumula- 
The prominence of 
these iostopes in bottom sediments has 
been confirmed (6). 
of long-lived fission produets has ever 
been found in the Columbia River. 
Since removal of radioisotopes from 
the water is largely dependent on bio- 
logical processes and the silt load, fae- 


tion is possible. 


No accumulation 


stream, and from one time of the year 
to another, values obtained under one 
set of conditions cannot arbitrarily be 
extrapolated to other conditions. Thus, 
present experience on the removal of 
isotopes is too limited for reliable in- 
clusion in estimates of exposure based 
on the quantity of radioactive material 


Reconcentration of Diluted Isotopes 

While an overestimation of radiation 
exposure may be unduly restrictive on 
the facility which is faced with the 
problem of waste disposal, the implica- 
underestimation 
much greater consequence. 
derestimation ean result if drinking 
water is considered to be the only 
source of exposure. 


aware that the same processes which 
remove radioactive materials from the 
water of a receiving stream may result 
accumulation 
terials and, in effeet, reeconcentrate por- 


tions of the waste which were once 
diluted. 


While an accumulation of isotopes 
in the bottom sediments may add virtu- 
ally nothing to the direct exposure re- 
ceived by man (and could even have 
the advantage of tying up the ma- 
terials in a comparatively remote site) 
a similar accumulation on bathing 
beaches could contribute significantly. 
Accumulation on beaches could even 
be the limiting factor on the rate of 
release of some beta emitters in situa- 
tions where a mechanism for ingestion 
of the isotopes by humans does not 
exist (12)(13). The concentration of 
certain isotopes in algae growths at- 
tached to boat bottoms and the like 
must also be considered for this type 
of exposure. 

The most significant mechanism by 
which some isotopes ean be reconeen- 
trated in a form which may add to 
man’s exposure is by their ineorpora- 
tion into foodstuffs. Aquatic plants, 
especially the algae forms which are 
the primary producers at the bottom of 
the food chain, play a dominant role 
in this mechanism. In a few eases the 
plants, such as seaweed, may be eaten 
by man (12), but the aquatie organ- 
isms of greatest importance to man’s 
exposure will usually be those species 
of fish which are used as food. For 
the person who has ingested a unit 
amount of radioactive material, the 
total exposure will be little different 
whether the source of the material was 
drinking water, fish, or some other 
foodstuff (14). But, for a biologically 
important isotope such as P*?, the con- 
sumption of 200 @ of fish flesh * may be 
radiologically equivalent to drinking 
about 2,000 liters of the water from 
which the fish was caught. If the en- 
tire fish, including scales and bones, 
were eaten, the equivalent amount of 
water would be 10 times higher. A 


*The average consumption of fish in the 
United States from all sources is estimated 
to be about 200 g per person each week (15). 
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reconcentration of this magnitude 


of course, not characteristie of all iso- 


topes but in many eases it is of suffi- 
cient to warrant attention. 

A clue to the order of magnitude of 
the 


factor (ne/g of organism/pe/ml of wa- 


magnitude 


reconeentration, or concentration 


ter) as it is often called, can be ob- 
tained by comparison of the conecentra- 
tion of the element in the water with 
its concentration in the aquatie organ- 


ism. For example, the concentration 
of phosphorus in Columbia River wa 
ter is about 0.01 mg/l] while in fish 
it amounts to about 6,000 meg 1, and 


thus a concentration factor of about 


600,000 is possible. The maximum ob 
served concentration factor for P*? in 
100,000 


theoretical 


is about 
the 
value 


Columbia River fish 


whieh is well below 
value. Th 


cause the 


ol served is less be- 
biological processes required 
to deposit and exchange phosphorus in 
the body’ of the fish are long in 
to the radioactive half-life of 
P*?, which is about 14 The 
coneentration factors which 
for the 
most significant isotopes are listed in 


com- 
parison 
days 
maximum 
have been observed some of 
Table Il for a few representative types 
With 
concentration faetors as high as 
10° or 10°. it is understand 
that a greater percentage of the isotope 
be tied up in biological material 
than remains in the water. 


of Columbia River organisms. 


some 


easy to 
may 


The isotopes which are most likely 
to have high coneentration factors are 
those which are readily assimilated by 
the which 
relatively long periods of time in vari- 
and which 
half-lives. These are 


organism, retained for 


are 


ous body structures, have 


radioactive 


long 


characteristics which result rela- 


tively high body burdens for humans 
whieh influence a low 


as well, and 


maximum permissible concentration 
for the isotope in drinking water or 
food. lor a 


tains a 


waste stream which con- 
mixture of radioactive ma- 


terials, those isotopes which have the 


lowest MPC’s for drinking water will, 
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TABLE II. 


Observed Concentration Factors 


c/g of organism 
( wis S ) for Significant 
pc/ml of water 


Isotopes Found in Columbia 
River Organisms* 


Isotope | Larve Fish 

ps2 105-105 105 105 

105 104 
| 1X 10*-5 X 10 10? 5x10*-1010 
sr”? 10! 102 10 

Na% 10 102 102-105 
10 108 102 

Sct 105 10° 10 

Cr 102-10 10-10 10 

Cu® 104 10 10 


® Values are based partly on data reported 
in References 9 and 16 


are not yet 


Many of these values 
well defined and are subject to 
revision. 

b Stigeocloniun sp) 

Hidropsyche sp 

4 Richardsonius sp 

® Data for Cs" obtained from a pond envi- 
ronment rather than the Columbia River and 
species are different from others listed. 


ones which will 


total 


in many cases, be the 
the 
Since such limiting iso- 


be limiting on volume of 
waste released 
topes will often be the ones which are 
the 


problem is 


The Need for Field Measurements 


The concentration factors presented 


reconecentrated by aquatie forms, 


the averavated. 


exposure 


in Table II are by no means universally 
the River 
difference in 
radioactive ma- 
terials in fish between winter and late 
summer (17 In this case the differ- 


Columbia 
75-fold 
the concentration of 


applicable In 


alone there is a 


ence is due largely to reduced con- 
sumption of radioactive food organ- 
isms and to slower metabolie rates dur- 


For 
other bodies of water different concen- 


ine the eold season of the year. 


tration factors may be anticipated on 
the basis of different chemical compo- 
different differ- 
ent densities of aquatic organisms— 


sition, temperatures, 
especially planktonie forms, different 
life feeding habits, dif- 
ferent silt and sedimentation 
rates, and probably other factors. One 


histories and 


loads 


ted 
= 
» 
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example is the difference in the eon- 
centration factor for Sr® in fish which 
is estimated to be 1,000 for the Co- 
lumbia River but 20,000 to 30,000 for 
White Oak Lake (18). 

It becomes obvious then, that proper 
radiological protection should not be 
based solely on the maximum permis- 
sible concentrations for drinking water, 
especially if the body of water which 
receives a radioactive waste produces 
fish or other crops which are consumed 
by man. Indeed, the MPC’s recom- 
mended for drinking water are not in- 
tended for application to ecological 
systems which concentrate the isotopes. 
In addition to the exposure possible 
from the drinking water and fish, other 
sources which must be considered in 
terms of dose rate to internal body 
organs inelude (a) waterfowl such as 
ducks and geese which have been feed- 
ing from the area, (b) agricultural 
which are irrigated with the 
water, and (ce) products from domestic 
animals which have fed on the irri- 
gated crops. External exposure, par- 
ticularly from gamma emitters, which 
may arise from the presence of radio- 
active wastes include (a) immersion 
or close approach to the water while 
swimming, water skiing, boating, and 
the like, or while engaged in occupa- 
tions such as fishing or water trans- 
portation, (b) work near water proces- 
sing equipment such as filter beds and 
water softeners where reconcentrated 
isotopes can accumulate, and (¢) close 
approach to exposed stream beds, lake 
shores, irrigation canal bottoms, and 
similar sites where algae growths and 
deposits of sediments have accumu- 
lated. 

secause of the large number of vari- 
ables involved in bioaceumulation of 
radioactive materials and the 


crops 


lationships between such aceumu.a. 

and the total exposure which could Le 
received by persons who have exten- 
sive contact with the water, r .age- 
ment of the waste solely +» the basis 
of the amount released may be quite 
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inadequate in those cases where sub- 
stantial quantities are involved. In 
such more reasonable basis 
of exposure evaluation can be obtained 
from measurements made at the vari- 
ous points of use since the values ob- 
tained from such measurements will 
reflect not only the dilution and radio- 
active decay which has taken place but 
also loss from the water, reconcentra- 
tion by aquatic organisms, and trans- 
fers through food chains. Measure- 
ments should be made of all suspected 
points of radiation exposure and, be- 
cause of the accumulation which can 
occur in plants and animals, monitor- 


eases, a 


ing of appropriate biological forms 
should definitely be ineluded. 
Since the concentration of most 


radioisotopes in fish and other large 
aquatic forms represents an accumula- 
tion over a time period of at least 
several days, the sampling of these 
forms has the additional advantage of 
furnishing data which are not subject 
to the large fluctuations which charac- 
terize intermittent grab samples. Thus, 
in effect, the data obtained from fish 
provide an integrated picture of the 
concentration of the waste over a con- 
venient time interval. 


The Limiting Case 


So far this discussion has been con- 
cerned primarily with radiation ex- 
posure to man and the various ways 
in which this can occur when radio- 
active materials are present in surface 
waters. While the abundance of a few 
particular isotopes in the water may 
contribute most significantly to such 
exposure, management of the waste 
must be based not on a single isotope 
or source of exposure but on the total 
composition of the mixture and on a 
combination of all exposure sources 
7). While such a comprehensive 
evaluation of exposure to man must be 
tuvemost in consideration, it does not 
cover all possible cases which may be 
limiting on the quantity of radioactive 
materials which may be released since 
the possibility of an effect on the fish 
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TABLE III.—Possible Maximum Permissible 
Concentration for P® in Water for 
Different Circumstances 


Condition ce 


I.C.R.P. recommendation for occu- 
pational exposure (5) 


I.C.R.P. value with added factor 
for large populations 2x 


Consumption of 200 g per week (15) 
of flesh of fish produced in the 
water* (19) 


Protection of fish (isotope derived 
via a food chain and deposited in 
tissues at concentrations below 
those which cause detectable so- 
matic damage) (20) 


* Based on an intake rate of 0.3 ue P® per 
week—derived from recommendations for drink- 
ing water for large populations. 


and other important aquatie forms 
will also need to be considered. <A set 
of recommended limits has not yet 


been worked out for these forms since 
knowledge in this field is, 
limited. 

Ultimately, through a series of long- 
term tests on the toxicity of the more 
important isotopes, it may be possible 


as yet, very 


to establish maximum permissible con- 
centrations for fish. These should not 
be fraught with the uncertainties which 
must accompany recommendations for 
the MPC’s for drinking water for man 
since experimental evidence can be ob- 
tained directly on the species involved 
and the risk factor considerations are 
different. Some experience is available 
on P* 
trated most significantly by Columbia 
River fish (8), and in Table III a 
comparison is made of the possible 
MPC’s for the different situations. 


since this isotope is reconcen- 


It is apparent from Table III that, 
for water conditions similar to those 
in the Columbia River, the limiting 
situation for P®* will not be the MPC 
for drinking water but the accumula- 
tion of the isotope in fish which are 


caught and eaten. Further, if the 


concentration of P** in the fish is suffi- 
ciently low to permit their regular use 
as food, then it is unlikely that the 
fish themselves will be significantly af- 
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fected by the radiation. Radiation 
damage to the fish would occur, how- 
ever, if the concentration of P** in the 
water reached the MPC allowed for 
drinking water. 

Until values similar to those listed 
above have been established for other 
isotopes and other types of water, it 
will not be possible for the radiologi- 
cal protection specialist to predict in 
advance whether the release of a radio- 
active waste should be restricted ac- 
cording to the MPC for drinking wa- 
ter..the contamination which results in 
edible fish, the radiation damage to 
valuable aquatie forms, or some other 
facet associated with multiple use of 
the receiving water. 


Conclusion 


In the evaluation of exposure which 
man receives from an environment that 
radioactive considera- 
tion must be given not only to drink- 
ing water but to all sources which may 
contribute to the total exposure. For 
exposure internal emitters, it is 
the burden of isotopes deposited in the 
body which is of importance and thus, 
the objective is to keep the body bur- 


contains waste, 


from 


dens below the limits recommended by 
the National Committee on Radiation 
Protection and Measurement (21). 
The MPC’s for water are derived from 
the maximum permissible body bur- 
dens and include estimates of the frae- 
tion ingested that arrives in the critical 
body organ. The MPC’s are, therefore, 
not the ultimate values which must be 
caleulated, but only guides to be used 
in one facet of evaluation. 
Certain isotopes are markedly concen- 
trated by plants and animals and these 
forms must be included in the moni- 
toring program since their contribu- 
tion to the total exposure may exceed 
the contributions from other sources. 


exposure 
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THE OPERATOR’S CORNER 


EFFECT OF HIGH pH ON TRICKLING FILTER 
PERFORMANCE * 


By C. Richarp WALTER 


Associate, Hazen and Sawyer Engineers, New York, N. Y. 


During 1956 and 1957 an extensive 
pilot-plant investigation was conducted 
at the North Buffalo sewage 
treatment plant in Greensboro, N. C. 
The wastes at this plant consisted of a 


Creek 


mixture of about 60 per cent normal 
municipal containing minor 
amounts of various industrial wastes, 
and 40 per cent highly alkaline textile 
wastes. 


sewage, 


The latter comprised sizing 
wastes, kier liquors, dye wastes, and 
printing from several 
cotton mills in the the city. These 
combined wastes have been described 
in detail by others (1) (2) (3), and 
a typical analysis is presented in Table 
that the textile 
wastes are highly alkaline, have a high 
BOD, and a low suspended solids con- 
tent. The latter is chiefly due to the 
fact that these wastes are lagooned for 
about a day to make the rate of dis- 
charge more uniform. 


wastes large 


can be seen 


Pilot Plant Description 


A detailed*description of the pilot- 
plant setup and the results of several 
phases of the investigation have been 
reported elsewhere (4) (5). This 
paper deals with only one portion of 
the over-all study, namely the effect 
* Presented at the 3lst Annual Meeting, 
New York and Industrial Wastes 
Assn.; New York, N. Y.; Jan. 22-23, 1959. 


sewage 


of high pH on trickling filter per- 
formance. However, to give some per- 
spective, a flow diagram of the pilot 
plant is presented in Figure 1. The 
mixed wastes were pumped directly 
from the influent sewer at the treat- 
ment plant to the pilot plant. Here 
they were screened through 14-in. mesh 
and treated with carbon dioxide to re- 
duce their pII and facilitate biologi- 
eal treatment. The pH of the car- 
bonation-tank effluent varied from 7 
to 11, being in the 8.5- to 9.5-range most 
of the The then 
applied to a roughing trickling filter. 
Continuous recirculation at a 2:1 ratio 
was employed. The effluent from this 
filter was divided into three portions 
one of which was applied to a second 
trickling filter and the other two to 
two different types of activated sludge 
plants. 

The data obtained from the rough- 
ing filter form the basis of this paper. 
The filter was 4 ft in diameter and 414 
ft deep ind was enclosed by a steel shell 
Crushed 
granite, 1- to 244-in. in diameter, was 
used in the and the flow was 


time. wastes were 


supported on a steel grating. 


filter 
distributed over the surface by means 
of a tipping trough discharging onto a 
perforated pan about 2 in. above the 
top of the stone. The raw wastes 
were applied directly to the filter with- 
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TABLE I.—Waste Analyses 


BOD 


Waste (mg/l) 


(mg 1) 


Phen. Alk. 
(mg/l) 


8S M. O. Alk. 


pH (mg/D) 


Municipal sewage 
Textile waste 
Combined waste (60° 


municipal, 40% textile) 


250 
600 


400 


out prior settling throughout the course 
of the investigation. The textile wastes 
contained a relatively small amount of 
suspended solids and they were free 
of fibers and other solid materials 
which might normally be expected. 
Gross solids were removed by the 14-in. 
mesh sereen used to protect the pump 
against clogging. During the year 
and a half that the filter was operated 
on the unsettled wastes, there was 
never a sign of ponding or solids 
buildup. This is chiefly attributed to 
the filter’s high hydraulie loading 
which varied from 18 to 36 mgd/acre, 
including recirculation. 


Final Settling 
At the start of the investigation, the 
effluent from the roughing filter was 


0 200 


180 
5 1.000 1,300 


100 5 
150 | 2 


300 600 


settled, and analyses were made both 
before and after settling. A com- 
parison of these results is shown in 
Figure 2 where the BOD removals of 
the filter alone are plotted against the 
corresponding removals by the filter 
and the settling tank combined. The 
45-deg line shown in Figure 2 is the 
line of equal removal. It can be seen 
that the data follow this line quite 
closely, averaging about 10 per cent 
ereater BOD removal with the settling 
tank than without. The fact that some 
data show greater removals without 
settling can only be attributed to 
sampling error. Since it was found 
that the roughing filter must be fol- 


lowed by some form of activated sludge 
process in any event, it was decided 


not to settle the filter effluent. It was 


SETTLING 
TANK 
TRICKLING 
FILTER 


SCREEN 


TANK 


ROUGHING 
FILTER 


AERATION UPFLOW 
SETTLING 


RETURN SLUDGE 


} L 


STEP AERATION TANK 


FIGURE 1.—Flow diagram of pilot plant. 
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BOD REMOVED BY FILTER AND 
SETTLING TANK TOGETHER (ib/doy/acre-ft) 


FIGURE 2.—Effect of final settling on 
BOD removal. 


felt that this would not only effect a 
savings in plant cost, but because of 
the added solids it would aid in the 
settling of the mixed liquor in the 
secondary process. The settling tank 
was, therefore, removed from the pilot 
plant and all subsequent results pre- 
sented in this paper are based on un- 
settled trickling filter effluents. 


BOD Loading 


Figure 3 is a plot ef the individual 


daily trickling filter performances. 


REMOVED (Ib/day/acre 


BOD 


December 1959 


Each point represents the analysis of a 
In all, over 
250 such analyses are shown. During 
this period of testing, the hydraulic 
loading on the filter varied from 18 to 
36 mgd/acre, with the recirculation 
ratio kept constant at 2:1. Although, 
as was previously noted, carbon dioxide 
was added to the pilot plant influent in 
an attempt to reduce the pH, there 
was no means of accurately controlling 
the pH and the actual values varied 
considerably. Both high and low pH 
values occurred throughout the entire 
loading range. The sloping lines on 
Figure 3 are lines of various percent- 
ages of BOD removal. It is seen that 
most of the time the filter removed 
from 30 to 80 per cent of the applied 
BOD, with several days showing al- 
most no removal. 

Because of the large number of in- 
dividual points shown on Figure 3 and 
is difficult 
trend of filter performance. 


24-hr composite sample. 


to see the 

‘igure 4 
is a plot of percentage BOD removal 
against BOD loading. Here the data 
were grouped into various loading 
ranges, for example 1,000 to 2,000 lb/ 
day /acre-ft, 2,000—3,000, ete. for each 
such group, the solid circles represent 


their seatter, it 


ALY AVERAGE 


ATA FROM 6/20 


8.0 


BOD LOADING (Ib/day/ocre-t1) 
FIGURE 3.—Daily trickling filter performances. 
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FIGURE 4.—Effect of loading on filter 
performance. 


the median removal and the hollow 
circles represent the removal equaled or 
exceeded 75 per cent of the time. The 
lines fitted to these points clearly show 
the trend of filter performance. The 
filter produced a median BOD re- 
moval of about 60 per cent in the 
BOD loading range of 3,000 to 6,000 
lb/day /acre-ft with removals tapering 
off to about 45 per cent at loadings of 
about 10,000 Ib /day/acre-ft. The drop 
in BOD removal at loadings of less than 
3,000 Ib/day/acre-ft is contrary to 
what might normally be expected and 
cannot adequately be explained except 
perhaps by the relatively small amount 
of data in this range. 


Influent pH 


Various investigators have studied the 
effects of high pH on biological waste 
treatment processes. Sawyer, Frame, 
and Wold (6) experimented on acti- 
vated sludge treatment of a mixture 
of cotton kier liquor and sewage at 
various temperatures and pH values. 
Their results show the effect of high 
pH to be much more damaging at the 
lower temperatures than at the higher 
ones. They concluded that ‘‘pH levels 
above nine are definitely inhibitory at 
10°C and levels above ten are definitely 
inhibitory at 20°C.’’ At 30°C a pH 
of 10.5 showed some inhibition of bio- 
logical action. 

Souther and Alspaugh (7) have’ ex- 
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perimented in Greensboro, N. C., with 
wastes similar to those studied in the 
experiments described in this paper. 
They found that these wastes can be 
successfully applied to trickling filters 
without pH adjustment. However, 
they coneluded that the high pH of 
the waste does affect BOD removal. 
To indicate the effect of pH on the 
performance of the pilot-plant trick- 
ling filter, all data have been arranged 
into groups according to the influent 
pli. The median BOD removal and that 
equaled or exceeded by 75 per cent of 
the data in each group are shown in 
Figure 5. It is seen that optimum re- 
sults were obtained in the pH range 
of from 8.0 to 9.0. The BOD removal 
was 25 per cent lower in the pH range of 
11.0 to 12.0 than in the optimum range. 
The temperature of the wastes applied 
to the filter varied from 25 to 30°C 
in this highest pH range as compared 
with an over-all temperature range of 
20 to 30°C for the entire test program. 


pH Changes 


The buffering action of trickling fil- 
ters is well known and has been re- 
ported on in the past. Whenever high 
pH wastes are applied to a trickling 
filter, the filter organisms act to reduce 
the pH of the effluent to a more nearly 
neutral value. This effect is attributed 
to the reaction of the carbon dioxide 
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FIGURE 5.—Effect of pH on filter 
performance, 


: 
| 
| 
Vol. 31, No. 12 
| 
| 
| | | 
| | 
Se 
? 
4 


SEWAGE 


FIGURE 6.—pH changes through filter. 


the filter metabolism with 
the alkalinity of the wastes. In Fig- 
ure 6 the effluent pH has been plotted 

he influent pH for 


against the 


produced by 


each of 
The 45- 
‘g line is the line of no-pH-change. 
heavy eurved line is the trend 

line of the filter results. It is seen 
that an influent pIl of 10.0 is reduced 
to an effluent pH of about 9.0 and an 
influent of 11.0 is reduced to 
10.0. As the influent pH is 


still higher, the 


the daily composite Samples. 


about 
raised 
effect decreases until 
at an influent plI of 12.0 the effluent 
has about the same pH. 

Filter Alkalin 


ity Tolerance 


During the later phases of the pilot- 
plant study, attempted neutralization 


of the influent wastes with earbon di- 
oxide was stopped, and the filter was 
fed a constant BOD loading of 5.000 
lb/day/acre-ft. Figure 7 isa bar graph 
showing the effect of the resulting 
highly alkaline influent on filter per- 
formance. In this graph each bar 
represents a four-day average of filter 
data. The four days Tuesday through 
l'riday were chosen because the dis- 


charge of the textile waste is fairly uni- 


AND INDU 
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form during that period. Depending 
on mill schedules, there 
may or may not be substantial quanti- 
ties of textile waste on the other three 
days of the Figure 7 shows 
that the BOD reduction by the filter 
varied indirectly with the applied pH. 
As the pII rose in the second week of 
this period, the BOD reduction dropped 
off; when the pII dropped again the 
BOD reduction picked up again. 
Unfortunately, during this particu- 
lar period production at the mills was 
somewhat than normal and the 
mixed waste pH never reached 11.0 of 
its own accord. In an attempt to deter- 
mine the reaction of the filter to ex- 
tremely high pH values and to possibly 
find its breakdown point, caustie soda 
was added to the raw wastes beginning 
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week. 
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FIGURE 7.—Filter performance at 
high pH. 
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on July 9. As ean be seen, this im- 
mediately caused a dropoff in BOD re- 
duction. The following week the caustic 
dosage was increased, and the results of 
this action are best seen by referring to 
the plot of the total alkalinity values, 
for in this high alkalinity range the 
pH is a relatively insensitive param- 
eter. It can be seen that the BOD 
reduction of the filter dropped to ap- 
proximately one-third its normal value 
and it would be fair to say that the 
filter had been pushed beyond its en- 
durance. 


Summary and Conclusions 


The work described may be summed 
up as follows: 


1. Final settling of the wastes after 
passage through the trickling filter ef- 
fected little additional BOD removal. 
Although in most eases final settling 
would be necessary where the filter ef- 
fluent is to be discharged to a stream 
in order to prevent solids deposition on 
the stream bottom, it is not justified 
where the filter effluent is to receive 
further biological treatment. 

2. The pilot-plant trickling filter re- 
moved about 60 per cent of the applied 


1. Catlett, G. F., ‘‘Disposal of Sewage and 
Industrial Wastes in Protection of 
Streams.’’ North Carolina Stream 
Sanitation and Conservation Committee 
(1950). 

2. Catlett, G. F., ‘‘ Textile Waste as Related 
to Stream Pollution.’’ North Carolina 
Stream Sanitation and Conservation 
Committee (1948). 

3. Souther, R. H., and Alspaugh, T. A., ‘‘Cur- 
rent Research on Textile Waste Treat- 
ment.’’ THIS JOURNAL, 30, 8, 992 
(Aug. 1958). 

4. Hazen, R., ‘‘ Pilot Plant Studies on Treat- 
ment of Textile Wastes and Municipal 


Sewage.’’ Proc. 6th Southern Munic. 


References 


BOD in the loading range of from 
3,000 to 6,000 lb/day /acre-ft. 

3. The pilot-plant trickling _ filter 
produced the greatest BOD removals 
on wastes having a pHl of from 8.0 to 
9.0. Removals decreased as the pH was 
raised to 11.0 or 12.0. 

4. The filter reduced the pH of the 
applied wastes when it was in the range 
of from 9 to 11. Above and below this 
range the filter had little effect on the 
pli of the waste. 

5. The percentage BOD removal by 
the filter decreased as the alkalinity of 
the applied wastes was increased. At 
an alkalinity of 3,000 mg/l the filter 
produced only about one-third of the 
normal BOD reduction. 
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THE WHY, WHEN, AND HOW OF SEWER 
MAINTENANCE * 


By Joun D. 


Assistant Chief Engineer, Los 


Los An: 


Many 
spent 
with 


asiae 


times large sums of money 
to design and construct sew- 
only relatively few dollars 
maintenance. Lately, 
this 


cor- 


ers 
set 
there 


tor 
have been signs indicating 
poor division of funds is being 
rected. 

Sewer maintenance has progressed 
ereatly in recent years, particularly 
in Southern More and 
more convineed 
that carefully conceived, intelligently 
administered 


California. 
cities are becoming 
and sensibly conducted 
sewer maintenance is just good busi- 
not unnecessary use of 
publie funds. Much of the leadership 
and euidanee for this increased inter- 


ness and 


an 


est in sewer maintenance in California 
has come from the sewer maintenance 
sections of the California Sewage and 
Industrial Wastes Association. 


Why 


A modern comprehensive sewer 
maintenance program today has three 


hasi¢ objectives : 


1. It must 
possible uninterrupted sewer service to 
the publie. 

2. It must protect the public health 
and welfare. 

3. It must toward extending 
the useful life of sewerage structures 
and thus protect the public invest- 
ment. 


guarantee as nearly as 


work 


Experience has shown that each one 
of these 
reduced cost through a program of pre- 


objectives can be gained at 


ventive maintenance. 


3ist Annual Meeting, 
wage and Industrial Wastes 
Long Beach, Calif.; Apr. 29-May 2, 


nia sew 


PARKHURST 


yeles County Sanitation Districts, 


yeles, Calif. 


When 


Maintenance planning actually be- 
gins at the same time the preliminary 


engineering begins. Here suitable 


slopes are stipulated to ensure cleans- 
ing velocities. Manholes with properly 


designed surface openings are strate- 
ically located. Drops and obstrue- 
which may cause turbulence, 
should be avoided. Special structures 
such as diversion, metering, and june- 


tions, 


tion manholes must be wisely designed 
to prevent partial stoppages eaused by 
accumulations and 
Where it is necessary to 
an inverted siphon, it is always 
eood practice to construct a double- 
barrel siphon so that the one barrel 
ean be cleaned while the other carries 
the flow. Materials specified for use 
in construction must be durable, be 
sufficiently strong to carry superim- 


of rags, grease, 


other debris. 


use 


posed loads, and resist corrosion. 

Preventive maintenance in the field 
consists of inspection and the routine 
cleaning of small deposits, partial stop- 
and accumulations 
that the flow in the sewers is uninter- 
rupted and overflows are reduced to 
a minimum, Preventive maintenance 
also includes the careful control of all 
wastes discharged to the system to pre- 
vent premature destruction of the 
structures. 


pages, grease so 


How 


The ‘‘how’’ of maintenance 
springs from a combination of efforts 
of technical and the in- 
cenuity of the sewer maintenance man. 


sewer 
personnel 


Fortunately, again in a large part due 
to the efforts of the sewer maintenance 
sections of CSIWA, valuable informa- 
tion, representing many years of ex- 
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perience, is available. This informa- 
tion is disseminated at regular meet- 
ings of the organization, sometimes by 
actual demonstrations of methods and 
equipment. 


Inspection 


The primary aim of any good main- 
tenance program is to prevent trouble. 

First, an inspection program is 
necessary. The inspection is usually 
made by physical observation of the 
structures and pipe. However, the 
technique of inspection is constantly 
being improved. Special photographic 
equipment is now available and in 
use. The city of Cineinnati has re- 
ported on a elosed-cireuit television 
unit which has been used advantage- 
ously for inspections of deep sewers 
and manholes. These inspections, re- 
gardless of the method, are for the 
purpose of locating potential trouble. 


Testing 


In addition to an inspection pro- 
gram, it is also highly desirable to 


have a sewage-testing program. The 
samples should be collected with care 
so as to intercept and report on the 
condition of sewage at key locations. 
All industrial wastes should be checked 
prior to discharge to the system. 

Routine tests made on _ sewage 
should inelude the determination of 
temperature, pH, and sulfide concen- 
tration. Additional tests for BOD, 
oil, radioactivity, and special chemicals 
may also be indicated under special 
circumstances. Tests for the presence 
of explosive mixtures in manholes may 
uncover gas leaks, broken gasoline 
lines, and accidental discharges of 
flammable material. Prompt action by 
emergency crews can avert potential 
disaster. 


Cleaning 


Routine cleaning of most sewers 
should be placed on an annual basis. 
Some portions of the system with par- 
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ticularly undesirable conditions may 
have to be cleaned at intervals of from 
three to six months. The length of 
interval should be determined by in- 
spection and tests. Inverted siphons 
are notorious for collections of grease, 
sand, and rags, and in many instances 
must be cleaned at three-month inter- 
vals, perhaps even more often. Un- 
doubtedly, much of the difficulty with 
siphons has been caused by the large 
increase in the use of home garbage 
grinders and the universal use of 
synthetic detergents. In fact, the 
amount of grease in the sewage has 
increased to the point where the Los 
Angeles County Sanitation Districts 
have found in quite profitable to sell 
the skimmings from the sedimentation 
tanks at the Joint Disposal Plant in 
Harbor City. 

Costs for cleaning gravity sewers 8 
to 15 in. in diameter vary from about 
$125 to $200 per mile. One four-man 
crew properly equipped can elean 
nearly a mile of sewer per day when 
cleaning is placed on an annual basis. 
The initial cleaning will probably take 
somewhat longer. The sewer ball or 
familiar sewer hoe controlled by a rope 
has been found to be about the best 
and most economical for routine 
cleaning. Flexible steel rods, bucket 
and cable machines, and special cable 
and scraper devices also are very use- 
ful for special purposes. 


Sulfide Control 


In Southern California the control 
of sulfides in the sewer system is one 
of the most important functions of 
sewer maintenance. Ilydrogen sulfide 
is toxic to man in very small concen- 
trations, and it is very destructive to 
concrete structures when oxidized to 
sulfuric acid. Sulfides also are the 
cause of most of the odor troubles at- 
tributed to the system. 

Sulfide generation in sewers is 
caused primarily by two types of bae- 
terial action. It can be generated as 


i 
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au end product of the anaerobic di- 
gestion of deposited organic matter 
and it can be produced by the reduc- 
tion of sulfate by sulfate-splitting bac- 
teria which grow in sewer slimes. Con- 
trol of sulfide generation in the system 
simply means controlling bacterial ac- 
tion or the end products of such 
Digestion of deposited organic 
material can be stopped by preventing 
deposition by 


action. 
maintaining adequate 
in the case where depo- 
sition has already occurred, by remov- 
well-timed 


velocities or, 


ing deposits by a 


ing. 


clean- 


To control sulfide generation by the 
action of sulfate-splitting bacteria, sev- 
eral methods First, it 
may be possible to maintain adequate 
velocities and ventilation so that re- 
oxygenation will keep the sewage in an 
Where this is not feas- 
ible, such as in long force mains, com- 


may be used. 


aerobie state. 


pressed air may be added to provide 

the additional oxygen. 
Another method which 

cessfully is to supply oxygen in the 


is used sue- 


form of a chemical such as sodium ni- 
trate. In this method to 
be most beneficial, however, it is im- 
that the sodium nitrate be 
added prior to commencement of bac- 
terial action on the sulfates. This 
usually means the sodium nitrate must 
be added near the upper extremity of 
the system. 


order for 


portant 


If sulfides are already present in 
the sewage and it is desired to render 
them harmless, another chemical, zine 
sulfate, is often added. The zine com- 
hines with the sulfide to produce the 
insoluble precipitate zine sulfide, ef- 
fectively eliminating formation of sul- 
furie acid. 

Sinee both sodium nitrate and zine 
sulfate come in water-soluble erystal- 
line form, they can be added quite 
simply by using an easily constructed 
dosing tank adjusted to add the de- 
sired amount of solution. 

Other methods of sulfide control in- 
clude the use of chlorine to reduce bac- 
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and to oxidize sulfides 
which may be present, and, if desired, 
pli control may be used. This latter 
method normally utilizes cheap lime 
obtained as a byproduct of acetylene 
veneration. It is hauled to strategie 
locations by tank truck and discharged 
at designated manholes. The addition 
of lime slurry must be sufficient to 
raise the pH of the sewage-slurry mix- 
ture to 12 or above. 


terial action 


If this is main- 
tained for a period of about 45 min, 
bacteria in the slimes on the pipe are 
killed and sulfide generation is elimi- 
nated. To be effective, this method 
must be repeated about every other 
week. 

Costs for the various methods of 
sulfide control depend on the ecireum- 
stanees, but chlorine is usually more 
costly than any of the other methods. 
It is difficult to handle 
Compressed air, sodium nitrate, zine 
sulfate, and lime slurry have all been 
used suecessfully in the Los Angeles 
County Sanitation Districts’ system. 

It should be noted that the control 


more too. 


of sulfides by chemical means is a sup- 
plementary measure; it is not a sub- 


fact, the use 
with 
increase 


because 


stitute for cleaning. In 
of lime slurry in small 
low velocities actually 
the need for cleaning some 
deposition of impurities is likely. 


sewers 


may 


A very interesting and relatively in- 
expensive method of protecting pipe 
and manhole structures, particularly 
when the system is first placed in op- 
eration and flows are has been 
developed by Sanitation District main- 
tenance personnel. This method con- 
sists of lining the inside of pipe and 
structures with a thin coat of dry 
lime 1/16 to 1/8 in. thick. The lime 
is applied through the manholes by 
means of two large-volume, portable 

One blower is set to 
lime into a 
other is set to 


low, 


dis- 
manhole and the 
exhaust it from the 
next manhole downstream. 

Dry lime is fed into the discharge 
blower and is carried by the air flow 


blowers. 


charge 
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along the inside of the pipe. The 
lime is deposited on the inside of the 
pipe and forms a semi-hard coating. 
This coating will last for about three 
months, and during this period it af- 
fords excellent protection. The lime 
tends to absorb moisture and thereby 
neutralizes any acid particles which 
may be formed. The high pH prevents 
any slime growth on the pipe and 
thereby reduces bacterial action. Man- 
holes are clean, dry, and more desir- 
able to work in. Litmus-paper checks 
on the crown of the pipe at manholes 
can be used to follow the gradual drop 
in pH of the lime coating. This in- 
formation is useful in determining the 
frequency of reliming operations. 
Liming has been used on trunk sew- 
ers up to 48 in. in diameter. The only 
limitation appears to be in the size of 
the lime blower, for an adequate ve- 
locity must be maintained to carry the 
lime particles. The cost per mile is 
dependent on the size of the pipe. <A 
two-man crew with blower equipment 


can lime about one mile of pipe per day 
8 to 24 in. in diameter) at a cost of 
from $75 to $100 per mile. 


Safety 


Any discussion of sewer maintenance 
would be incomplete without a brief 
mention of safety. It is a sad ¢om- 
mentary, but altogether true, that 
much of what is known about safety 
in sewer maintenance has been learned 
the hard way and many times this has 
been through fatal accidents. 

Sewers by their very nature and 
design are dangerous. Constituents of 
the sewage are obnoxious, and in many 
hazardous. Further, venti- 
lation of sewers is often poor. This 
lack of adequate ventilation often re- 
sults in an oxygen deficiency, and a 
buildup to toxie concentrations of 
hydrogen sulfide gas, or both. 
times explosive mixtures are present. 
These may be caused by the unauthor- 
ized discharge of petroleum products or 
leakage from gas lines. They are easily 


instances 


Some- 
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detected with a combustible gas indi- 
eator. Good ventilation is easy to 
provide through the means of portable 
gasoline blowers. For routine sewer 
cleaning the large-capacity, low-ve- 
locity, exhaust-type blower is generally 
preferred. This unit is usually in- 
stalled in the manhole downstream 
from the manhole in which men are 
working. 

As a final safety measure, special 
harnesses, hand lines, and safety hats 
should be used by any man working in 
manholes deeper than 6 ft. The line 
should be attended by at least two 
men. Failure to wear the safety har- 
ness many times has resulted in the 
death of the man in the manhole and 
his would-be rescuers. 

Numerous 
manufactured 


pieces of commercially 
safety equipment are 
now on the market, and each has a 
specifie use. These include special air 
masks, compressors, and remote tanks 
designed to permit a man to work 
temporarily in an oxygen-deficient 
atmosphere. Safety lamps are avail- 
able which can be used as an indicator 
of oxygen deficiency. Lead acetate 
paper when lowered into a manhole 
will turn dark if hydrogen sulfide is 
present in the atmosphere. Battery 
operated combustible indieators 
warn against explosive mixtures, and 
the techniques of operating this equip- 
ment are quite simple. 


gras 


Conclusions 


Sewer maintenance has progressed 
greatly in the last 25 years, but much 
remains to be learned. Cleaning pro- 
cedures still dependent on men 
who are willing to risk their lives and 
limbs working under hazardous eondi- 
tions in 


are 


underground struetures; to 
those persons charged with responsi- 
bilities in designing, operating, and 
maintaining sewerage systems, this of- 
fers a challenge. 

New techniques must be developed 
for eontrolling bacterial action and 
the side effects of industrial wastes. 
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The design of sewers must be improved operations replaced by mechanical 
so that cleaning methods may be re- methods to eliminate the risk to human 


vised and many of today’s manual life. 
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If you don't hear reason she will rap on your knuckles.""—-Benjamin Franklin 


Highlights from the Annual Reports of Arlington, Tex., Aurora, 
Ill., Beaver Dam, Wis., Bradenton, Fla., Hartford, Conn., 
Irondequoit, N. Y., Minneapolis-St. Paul, Minn., 
Spokane, Wash., Toledo, Ohio, and 
Worcester, Mass. 


Irvin H. Nevson, Superintendent, Arlington, Tex.; Waurer A. Sperry, Super- 
intendent, Aurora, Ill., Sanitary District ; Joan F. Buppe, Chief Plant Operator, 
Beaver Dam, Wis.; Perry A. Cessna, Superintendent, Bradenton, Fla.; Epwarp 
A. Kowsz, Plant Operations Engineer, Hartford, Conn.; Carn A. Harvey, 
Superintendent, Irondequoit, N. Y.; Kerwin L. Micx, Chief Engineer and Su- 
perintendent, Minneapolis-St. Paul, Minn., Sanitary District; Art Retsporpn. 
Superintendent, Spokane, Wash.; Arruur H. Nites, Commissioner of Sewage 


Disposal, Toledo, Ohio; and GrorGcE E. MacDowett, Superintendent, Worcester, 
Mass. 


Chemical Treatment ported reasons for this less-than-ex- 
pected performance have been ad- 
vaneed, not the least of which is 
decreased treatability of the sewage. 


For the fifth time in 20 years, plain 
sedimentation at Minneapolis-St. Paul 
had to be supplemented with chemical 
treatment because of low river flows; . 
however, BOD removals were increased Industrial Wastes 


nly slightly. A number of data-sup- When the new water treatment plant 


; went into operation at Beaver Dam, 
TABLE I.—Breakdown of Operating 


Costs at Worcester, 1955 Wis., excessive amounts of lime found 
their way to the sewage treatment 
plant. This caused sloughing of the 
filter growth and interfered with di- 

gester operation. 
Ser ‘ Sampling of the various industrial 
Imhoff tanks wastes to be treated in the new second- 
Prickling filters ary treatment plant at Toledo con- 
Sludge disp l tinued during 1958. This preliminary 
moval ! work was done in anticipation of an 
Laboratory 8 early startup of the new facilities. 
Miscellaneous Surcharges for extra strength wastes 

Total | were initiated on Apr. 1, 1959. 

Something of a problem arose at the 
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: Aurora plant when a wallpaper firm 
iS = moved from the city. The manu- 
|£  facturer in question contributed a clay 
Waste to the sewers which*in turn had 
: a thickening effect on digested sludge ; 
3 total solids in the digested sludge rose 
; 5 CaS z from 5 per cent to 10 per cent as a 
a result of the addition of wallpaper 
| |§ plant wastes. 
— 
| ‘ Operating Costs 
a 3 A breakdown of operating costs at 
| | Worcester for 1955 is shown in Table 
I. A summary of sludge removal costs 
= for the past four years is shown else- 
| , Where in this article. 
| | Operation 
| | 4 Operating data from 10 treatment 
| = plants appear in Tables If and III. 
3 |3 Data in Table II are from primary 
= | |% plants while Table III contains in- 
© = formation on trickling filter plants. 
After 28 years’ service the 114-in. 
- | & | - # wrought iron heating coils in one of 
£ the digesters at Aurora were opened 
| | ellisil!l | & for inspection. Only a paper-thin seale 
= 2 was found on the inside; on the out- 
| | * no pitting was noted. 
— 3 At this same plant a bronze plunger 
| || 2 on one of the sludge transfer pumps 
= was so badly scored by sand it could 
oe ee 3 not be used. But instead of buying 
| | ¢ a new plunger for $350, the old unit 
= was ‘‘sprayed’’ with hard stainless 
4 SES | steel for $145. The service life of the 
-- 3 repaired plunger will, of course, be 
ner 2 The control system for bypass opera- 
- 3 tion at Minneapolis-St. Paul consists 
| of many electrical components and op- 
2 erates over leased telephone wires. 
2¢ Early in 1958 trouble in the system 
E was uncovered. Unfortunately, the in- 
3 23 = consistency of the trouble hindered de- 
= tection of the cause. After many days 
| of checking components, the resistance 
} 
. 
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of the telephone lines was checked and 
there, at last, the difficulty was pin- 
pointed. It seems the telephone com- 
pany had put additional lines in serv- 
ice, thus increasing the resistance to 
a control system which operates within 
narrow limits. 


Sampling 


On p. 1098 of the September 1959 
issue of THis JoURNAL there 
listed some of the sampling procedures 


were 


in use at the Minneapolis-St. Paul 
plant Briefly deseribed below are 
some of the procedures in force at 


Ilartford: 


1. Raw Quart samples are 
collected hourly using a long-handled 
dipper. The sampling point is at the 


sewage. 


entranee to the aerated channel lead- 
ing to the sedimentation tanks. Sam- 
ples are refrigerated at 4°C during 


the 24-hr 


quart, 


sampling period. <A four- 
flow-proportional, composite 
sample is prepared from the 24 single 
samples. 

2. Settled sewage. Quart samples 
collected the sedimentation 
tank effluent channel by a method simi- 
lar to that for the collection of 
raw sewage samples. 


Raw sludae. 


are from 


used 


Approximately eight 
one-pint samples are taken from the 
sampling the main sludge 
header during pumping periods. The 
samples are refrigerated and later com- 
posited. 

+. Digested sludge. 
seven one-pint 


eoek on 


From five to 
samples are collected 
from a sampling cock in the drawoff 
line 


connecting the digesters to the 


elutriation tanks. The samples are re- 
frigerated and later composited. 

Filte r cake. 
is collected from the belt conveyor near 
the sludge scales. 


A composite sample 


In the laboratory, 
all sludge weighings are made on a 
Wet sludge 
samples weigh approximately 300 g. 


balance sensitive to 0.1 g. 
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Sewers 


Bradenton, Fla., both in 1957 and 
1958 won the State Board of Health 
award for the ‘‘Best Operated Trick- 
ling Filter Plant’’ (Class 10,000 popu- 
lation or more). And if prizes were 
awarded in an ‘‘infiltration’’ category 
Bradenton would probably be the win- 
ner par excellence, for during 21 of the 
35 months the plant has been in op- 
eration, the sewage flow has exceeded 
the water pumpage. Over the 35- 
month period, the daily excess flow has 
averaged about 40 per cent of the 
water plant output or roughly 0.7 mgd. 
The slow return to dry weather flows 
indicates that downspouts and the like 
are not the main source of the excess 
rather it seems clear that the 
difficulty lies with the old 
collection system itself. A consultant 
has estimated that the over-all cost of 
handling the excess flows would 
amortize at least $200,000 in a 30-yr 
period. 


flows, 


rreatest 


A 50-yr record of sewer maintenance 
costs at Worcester reveals that 
per mile have inereased from $159 in 
1908 to $296 in 1958. 


eosts 


The present sys- 
tem comprises 265 miles of sanitary 
sewers, 226 miles of storm sewers, and 
71 miles of combined sewers. 


Sludge Handling 
Sludge hauling at Beaver Dam, Wis., 
eost $1.99/1,000 gal. 
mately 68 per cent went for equipment 
rental and 32 per cent for labor. Just 


Of this, approxi- 


under 1 mil gal of sludge was hauled 
away. 

At Worcester the removal of sludge 
from the drying beds is done by con- 
tract. 
proximately 


For the period 1955-58, ap- 
10,000 eu yd of dried 
sludge was removed annually at a cost 
of about $1.10/eu yd. 

At Aurora, utilizing plant forces, 
approximately 3,000 eu yd of dried 
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sludge was removed annually at a la- 
bor cost of about $0.92/eu yd. 

One of the chief attractions at the 
Hartford plant is the elutriation proe- 
ess in general and the conditioning 
troughs in particular. Two troughs 
are used, each being 20 ft long, 214 
ft wide, and 3 ft deep. The walls are 
conerete and have a_ rubber-covered 
steel lining. The sludge level is main- 
tained by a float-controlled, variable- 
speed drive unit on the pumps. Set 
into the walls of the feed tank are 
paddle wheels 3 ft in diameter and 18 
in. wide which are also driven with 
variable-speed drive units. The pad- 
dles move the sludge from the feed 
tanks to the conditioning troughs. 
Chain drives directly connected to the 
feed wheels operate the ferrie chloride 
feeders, thus insuring a feed rate in 
proportion to the sludge flow. 

Ferrie chloride fed to the eondition- 
ing tanks is mixed with the sludge by 
hardwood paddles moving in pendulum 
fashion. The paddles are driven by 
variable-speed units. Conditioned 
sludge gravitates to the filter vats, and 
after filtration the sludge is belt-econ- 
veyed to either industrial railroad ears 
or trucks. The railway system leads 
to a dump where the material is de- 


posited. Commercial landscape gar- 
deners and private mdividuals haul 
away substantial quantities of the 


stored cake. 
Observations on filter cloths used at 
Hartford are as follows: 


1. Wool. Used in dewatering di- 
gested primary sludge, a wool cloth 
was good for about 450 hr of operation. 
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After dry cleaning, the same cloth was 
used for an additional S00 hr. Whether 
in a new or a dry-cleaned state, quite 
a bit of time was needed to clean it by 
high-pressure (120 psi) jet washing. 

2. Dacron. A Dacron eloth installed 
on Oct. 1, 1956, is still in good condition 
after operating 1,311 hr. Jet washing 
takes about half the time needed to 
wash the wool cloth. 

3. Saran. This open-mesh cloth was 
instalied on May 28, 1957, and it is 


in excellent condition after 1,018 hr 
of operation. Cleaning time is’ mini- 
mum. Sinee changing from single- to 


two-stage digestion some lowering of 
filtering efficiency has been noticed. 
This is attributed to the larger quan- 
tity of fines in the digested sludge 
from the secondary digester. 


Raw sludge filtration at Arlington, 
Tex., is reported to be very satisfae- 
tory. A contemplated change from 
ferrie chloride to ferric sulfate 
sludge coagulant holds the promise of 
being a real economy move. 


as a 


Trickling Filters 


The filter fly problem at Beaver 
Dam, Wis., is evaluated by means 
of a fly-counting technique utilizing 
greased, sheet-metal squares. The 1-ft 
squares are placed at the sides of the 
filter and the number of flies captured 
per day is counted. During July 1958, 
the count was 928 flies/day/sq ft and 
during August it was 293. For eom- 
parison, in 1957 the July count was 
1,528 and the August count was 1,092. 
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DEARBORN, 


By Micu 


Superintendent, Dearborn Sewage 


The drying of sludge on sand beds is 
a common practice which has proved 
satisfactory at most small and some 
medium-sized sewage treatment plants. 
The trend, however, has been toward 
dewatering sludge on vacuum filters. 

Today, vacuum filters are probably 
the most widely used type of mechani- 
eal sludge-dewatering equipment. At 
Dearborn, vacuum filters have been 
used continuously for over 26 years. 

The successful dewatering of sludge 
on vacuum filters requires proper con- 
ditioning of the sludge prior to filtra- 
tion. The various methods of treat- 
ment used to condition sludge inelude 
digestion, concentration, elutriation, 
and mixing. Conditioning agents 
which have been added to sludge in- 
clude sulfurie acid, sulfur dioxide, fer- 
ric sulfate, ferrous sulfate, alum, bone 
ash, peat, ground garbage, paper pulp, 
ashes, and clay. By far the most com 
monly used material is ferrie chloride, 
with or without lime. 


Early Experience at Dearborn 


Ferrie chloride and lime have been 
used at Dearborn’s Greenfield Road 
plant since it was placed in operation 
in March 1982. 

Not only were ferric chloride and 
lime used for sludge conditioning, but 
also for sewage treatment, conse- 
quently, the cost of ferrie chloride ac- 
counted for the major portion of the 
cost of sewage treatment and sludge 
disposal. In the years following the 
initial plant startup the sewage load in 
creased almost tenfold. The cost of 
ferric chloride similarly inereased in 
cost to the point where there seemed 

* Presented at the 31st Annual Meeting, 
New York Sewage and Industrial Wastes As- 
sociation; New York, N. Y.; Jan. 22-23, 1959. 
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to be ample justification to begin a 
search for a suitable substitute. In 
the spring of 1947, after extensive re- 
search work in the Dearborn sewage 
plant laboratory, and later on full- 
scale plant tests, it was found that the 
costly ferrie chloride could be replaced 
with ferrous sulfate in the form of 
waste steel pickling liquor (1) 

The lime used in conjunction with 
the steel pickling liquor is the residue 
from the manufacture of acetylene, and 
is fed as ealeium hydroxide solution. 


Value of Sludge Conditioning 

The proper conditioning of sludge 
involves more than the addition of 
lime and ferrie chloride or ferrous 
sulfate; the ratio of chemical feed to 
the sludge is important, and so are the 
the speed of agitation and contact 
time. Since the quality of sludge will 
vary considerably from one plant to 
another, as well as seasonally, it is 
very difficult to set up universal pro- 
cedures to fit all plants. At Dearborn 
a complete series of sludge analyses are 
made daily because the chemical dos- 
ages used in conditioning sludge prior 
to vacuum filtration have a direct bear- 
ing on the quality of eake produced. 
Naturally, the quality of sludge cake 
produced is in part measured by its 
moisture content, and an overdosage 
of chemicals would add inert material 
to the sludge cake unnecessarily. 
thereby affecting the economy of final 
sludge disposal. 


Filter Media 


Another item affecting the suecess 
of sludge dewatering on vaeuum filters 
is the filtering medium. The various 
materials used in manufacturing filter 
media range from a thin, unbleached 
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muslin to heavy, cotton-canvas ma- 
terial, as well as woolens, nylons, 
Dacron, glass fibers, plastics, rubber, 
and metal. Early at Dearborn, vari- 
ous weights of cotton duck material 
were tried; later, a medium-weight 
muslin was used which produced a 
filter cake containing 35 per cent solids 
at a rate of 5.5 psf/hr. The cost of a 
muslin cloth large enough to cover an 
8 by 12 ft filter having an effective 
area of 300 sq ft was $20. The life of 
the cotton cloths averaged 540 hr. 

About eight years ago nylon cloths 
were tried and found to be much su- 
perior to cotton in many ways: (a) 
they did not blind as easily as cotton 
or wool, (b) they were easily washed, 
and (¢) most important of all they 
had a service-life of from 8,500 to 9,000 
hr. The cost of a nylon cloth is $70, 
and besides effecting a real saving on 
the cost of filter cloths, a great saving 
on the cost of labor and wrapping-wire 
was realized. 


Incineration 


After dewatering sludge on vacuum 
filters there still remains the problem 
of final disposal. This can be aceom- 
plished by either burning, land filling, 
utilization as a fertilizer or as a ferti- 
lizer base, or dumping at sea. 

At Dearborn the problem was no dif- 
ferent than that encountered at most 
sewage treatment plants. Dumping 
into the Great Lakes was out of the 
question and land for filling was at a 
premium. The use of Dearborn’s 
sludge as a fertilizer was considered, 
but analysis of it showed that the avail- 
able nitrogen amounted to only 1.75 
per cent; total phosphorus, 1.5 per 
cent; and potash less than 0.2 per cent. 

To effect the ultimate in wastes sol- 
ids reduction, incineration was decided 
on, and in 1935 the City pioneered in 
this field by building the first full- 
scale multiple-hearth furnace for 
sludge incineration. Since that time 
many municipalities have selected in- 
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cineration as the method of final 
sludge disposal. 


Description of Installation 


Dearborn’s incinerator was put into 
operation in February 1935, and is in 
operation today. It was designed and 
built by the Nichols Engineering and 
Research Corp. at a cost of $56,000. 
It has an outside diameter of 16 ft 9 in. 
and is 17 ft 6 in. high; it is of a six- 
hearth construction. The design ea- 
pacity was 50 tons/day of sludge cake 
containing 65 per cent moisture, or 
171% tons/day of dry solids. At times 
the unit has operated at 150 per cent 
of design capacity with no ill effects. 

The rapid increase in population 
during the period 1935-42 with its 
consequent increase in sewage load 
made it necessary to install another, 
larger furnace. In 1942 the second 
multiple-hearth incinerator in- 
stalled and it too is in operation to- 
day. 


Operation 


The operation of the sludge dewater- 
ing and incineration equipment is car- 
ried on on a 24-hr/day basis. During 
the past 10 years approximately 
150,000 tons of sludge (51.0 tons/day ) 
have been processed. 

The moisture content of the liquid 
sludge applied to the vacuum filters 
averaged 91.5 per cent; the filter cake 
coming off the vacuum filters averaged 
64 per cent moisture. The chemicals 
used for sludge conditioning were 
waste pickling liquor (ferrous sulfate) 
and lime which too is a waste. The 
ferrous sulfate is fed into the sludge 
conditioning tank as a solution having 
an iron concentration of 0.5 lb/gal; the 
lime slurry is added as a solution of 
milk of lime with a caleium oxide con- 
tent of 1 lb/gal. 

Over the past 10 years the per- 
centage of chemicals added to the 
sludge has varied considerably. The 
percentage of iron varied from a low 
of .O8 to a high of 2.1 per cent for 
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1434 SEWAGE AND 
an average of 1.4 per cent of FeSO, 
as Ke The lime had a similar de- 
gree of variation, from a low of 7.6 to 
a high of 31.9 per cent for an average 
of 20.1 per cent (as CaO 
centages are based on a moisture-free 


sludge. 


These per 


rhe combustibles in the sludge cake 
the 10-year period constituted 
about 46 per cent of the total dry 
weight, also with variations. The wide 
variations and low percentage of com- 
the cake can be 
attributed to the following: (a) Dear- 
system is of 
type; (b) 
treats its sewage by the chemical pre- 


over 


bustibles in sludge 


born’s sewage collection 


the combined Dearborn 


cipitation method : and (ec) the waste 
lime used carries with it a large amount 


of inert Also, the 
pickle liquor instead of ferrie chloride 


material, use of 
lime 
to neutralize the free acid remaining 
in the pickle liquor. It with- 
out saying that greater-than-normal 
amounts of auxiliary fuel are required. 


higher dosage of 


necessitates a 


foes 


Costs 


In spite of these eonditions, which 
certainly are adverse to the most ideal 
and operation of any in- 
is believed that the eost 
sewage 
with the 
However, the over-all cost 


economical 
cinerator, it 


of ineineration of solids at 
Dearborn 


this 


ranks average in 


sposal, including condition- 

and incineration, is by 
he lowest in the country. 
for this is that the ferrous 
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TABLE I.—Cost of Incineration 
Item 
Maintenance (parts and labor). 
Operation, wages (including supervision 
laboratory and misc.) . 


Total (wet filter cake) 
sulfate is delivered to the sewage treat- 
ment plant at no cost to the City, and 
a ton of calcium oxide costs only 1214¢. 
This makes the total cost of chemicals 
used for sludge conditioning about 
114¢/ton of sludge conditioned. 
l'rom data obtained from operating 
reports, the 
Dearborn is 


cost of incineration in 
$2.05/ton of wet filter 
in Table I. 

If the cost of sludge incineration ap- 
pears to be somewhat higher than for 
other plants, it must be remembered 
that the cost data were compiled for 
the last 10 years when maintenance 
costs were higher than they were dur- 
ing the first 10 or 12 years. 

The operating tempera- 
tures in the burning zones of the Dear- 
born incinerators range from 1,600 to 
1,780°F; the stack temperatures aver- 
100°F. During normal operation 
neither odors, excessive smoke, nor fly 
ash are problems. 
is used for 
material. 


cake as shown 


maximum 


are 


The ash produced 
fill and is a sterile, inert 


Reference 


1. Groen, M. A., ‘*The Use of Steel Pickling 
Liquors for Sewage Sludge Condition- 
ing.’’ Sewage Works Jour., 21, 6, 1037 

1949 
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TIPS AND QUIPS 
Give Us That Old Time Religion 


The August 


1959 issue of the News- 
Interstate Commission on 
River 


letter of the 
the Potomae Basin earried a 
story on the treatment works at Rom- 
ney, W. Va., 
It seems that 


which is worth repeating. 
‘‘during the depression- 


ridden 30’s, an Episcopalian minister, 
the Reverend Mr. Silley, preached the 
doctrine of water pollution control and 
urged the town to seize the opportunity 
of building a sewage treatment plant 
with the aid of WPA funds. The good 
minister wanted nothing but the best— 
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a plant providing complete treatment, 
with capacity sufficient to handle 
Romney’s future population growth, 
and chlorination of the final effluent 
going into the Potomae’s south branch. 
The town listened, agreed with the 
minister, and built the plant. They 
raised $32,000 by means of a revenue 
bond issue; the WPA provided the ad- 
ditional $50,000 needed. The designer 
of the plant? None other than the 
Reverend Mr. Silley. Among his many 
accomplishments was a degree in civil 
engineering, and he gladly devoted his 
spare time to the project.’’ 


Regular Tires? Snow Tires? Chains? 

The National Safety Council in the 
pamphlet ‘‘ How to Winter-Wise Your 
Driving’’ has set forth a number of 
interesting facts on winter driving. 
Of unusual interest are the com- 
parisons of starting and stopping abili- 
ties shown in Tables I and II. 


TABLE I.—Comparative Starting Ability 


Starting 


| Starting 
Ability on | 
= 


Ability on 
Glare Ice Loosely 
@ 20°F | Packed Snow 
(per cent (per cent 
improvement) improvement 
| over regular | over regular 
| tires) 


Item 


Snow tires 
Regular tire chains 
Reinforced tire chains 


Sludge “Periscope” * 


A hollow rod equipped with an elee- 
tric light, which might be ealled a re- 


*From MSD Newsletter (July 1959). 
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versible ‘‘periscope,’’ is being used by 
the Treatment Plant Division of the 
Metropolitan St. Louis Sewer District 
as a device for determining the depth 
of sludge in settling tanks at MSD 
treatment plants. 

The instrument was fashioned in the 
MSD shops in accordance with Treat- 
ment Plant Division design. The unit 
consists of a hollow pipe, equipped 
with a flashlight bulb powered by 
flashlight batteries. The entire unit— 
batteries, bulb, and connections—was 
water-proofed to insure long life. 

In operation the pipe is lowered 
from the surface into the sludge. The 
point at which the light fades out 
establishes the depth or thickness of 
the sludge deposit. 

“‘It is helpful for us to know the 
thickness of the sludge deposit,’’ Su- 
pervisor Werner Heidtke explains, ‘‘ be- 
cause that gives us an indication of 
how much sludge we have, how well it 
settles, and how well the activated 
sludge process is functioning. .. . We 
use all the gadgets we know about, and 
exercise all the ingenuity we have 
... to get the most out of the exist- 
ing plants. 


From Missouri 


An informative 12-page brochure of 
the Metropolitan St. Louis Sewer Dis- 
trict describes how the District brings 
sewers to suldivisions. 

It certainiy is refreshing to read 
about how sewers are extended instead 
of why they can’t be. 


TABLE II.—Comparative Stopping Ability 


Stopping Ability on Glare 
ce @ 20°F 


Regular tires 

Snow tires 

Regular tire chains 
Reinforced tire chains 


Stopping Ability on Loosely 
’acked Snow 


(car lengths) (ft) (car lengths) 
60 
52 
46 
38 
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‘ 99 
44 
a) 


Federation Affairs 


Mark Hollis, Assistant Surgeon 
General and Chief Engineer for the 
United States Public Health Service, 


Chief of that Service’s Division 
of Sanitary Engineering Services, was 
elected to the Presideney of the Fed 
eration at the Election Committee 
meeting on October 11, 1959. 

Mr. 


office with a combination of practical 


and 


Hollis comes to the Federation 
experience and administrative talents 
fields 


resource, 


water as a 
Ilis leadership at 


in varied involving 
natural 
state, regional, and national levels in 


seeking expanded cooperative control 


by government and industry of the 
country’s water pollution problems, 
and his contact with the research 


under way in various places to de- 
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velop newer and more effective ways 
of coping with water pollution make 
him sympathetic to the needs of the 
Federation membership. 

A 1931 graduate of the University 
of Georgia with a Bachelor of Science 
in Civil Engineering, Mr. Hollis  re- 
ceived an Honorary Se.D. from the 
University of Florida (1956), and he 
holds Professional Engineering Regis- 
tration in the District of Columbia. 

Prior to his current appontment in 
1948, he had a varied background of 
experience with the Public Health 
Service in a number of locations, be- 
ginning in 1931. He served as State 
Engineer with the North Dakota State 
Health Department from 1934 to 1939, 
and was commissioned in the regular 
corps of the Publie Health Service in 
1940. During the war he served first as 
Executive Officer and later directed 
the war-related malaria control opera- 
tions of the Public Health Service. 

In 1947 he was appointed Exeeutive 
Officer in the Office of the Surgeon 
General in Washington. He was pro- 
moted to his present position of As- 
General and Chief 
1948. In this 
capacity he has held several operating 
posts in the Publie Health Service. 

Mr. Hollis is a Fellow of the Ameri- 
ean Public Health Association, and he 
holds membership in the 
Water Works 
Society of Civil Engineers, Conference 


sistant Surgeon 


Engineer in January 


American 


Association, American 


of State Sanitary Engineers, and Con- 


ference of Federal Sanitary Engi- 


neers. 
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RAY E. LAWRENCE ELECTED 


Ray E. Lawrence, partner in the 
firm of Black and Veatch, was elected 
to the Vice-Presidency of the Federa- 
tion at the Election Committee meeting 
on October 11, 1959. 

Mr. Lawrence has a wide background 
of experience. He began his career 
with Black and Veatch immediately 
after graduation in 1925. He was ap- 
pointed engineer for the Kansas State 
Board of Health and a member of the 
Civil Engineering staff of the Univer- 
sity of Kansas in 1926. During the 
period of 1926-1933 he was engaged 
in sanitary engineering and served one 
year as Acting Chief Engineer for the 
Kansas State Board of Health. 

In 1933 he left the University to 
serve as Engineer Examiner and later 
as State Director for Kansas under the 
U. S. Public Works Administration. 
In 1937 he returned to Black and 
Veatch as a Principal Engineer and 
supervised a number of water supply 
and sewerage projects for cities in the 
Midwest. 


From 1941 to 1946 Mr. Lawrence 
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VICE-PRESIDENT 


worked with the war effort, first as a 
civilian in the Office of the Quarter- 
master General, and later as an officer, 
Corps of Engineers. He served in the 
Office of the Chief of Engineers, Wash- 
ington, D. C., as a member of the 
Utilities Contract Board and as Chief 
of the Water Supply and Sewage Sec- 
tion, under the Engineering Division. 

For the two-year period of 1944- 
1945 he served overseas with the Chief 
Engineer, European Theater, and 
achieved the rank of Colonel. His 
duties included the logistical planning 
of utility construction for the Conti- 
nental invasion and the restoration of 
utility services supplying the military 
and civilian populations in France and 
Germany. this service Mr. 
Lawrence was awarded the Legion of 
Merit. 

Since his return to Black and Veateh 
in 1946, Mr. Lawrence has been re- 
sponsible for the planning and prose- 
cution of major engineering projects 
ineluding a $25 million program of 
water supply and sewerage facilities 
for the City of Wichita, and a econ- 
tinuous series of projects for the sev- 
eral agencies of the Department of 
Defense and the Atomic Energy Com- 
mission. 


Mr. Lawrence is at present a partner 
in the firm of Black and Veatch and 
a registered professional engineer in 


the States of Kansas, Missouri, Ne- 
braska, and New Mexico. He has been 
active in a number of technical societies 
and has served as a National Director 
of the Federation. Other eurrent ae- 
tivities include: membership on the Ex- 
ecutive Committee, Sanitary Engineer- 
ing Division, American Society of Civil 
Engineers; membership on the Board 
of Trustees, American Sanitary Engi- 
neering Inter-Society Board; and the 
Committee on Sanitary Engineering 
and Environment of the National Re- 
search Council Advisory Committee 
on Medieal Sciences. 
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DALLAS 


The 


played 


Southwest, for the first time, 
to the Federation when 
the 32nd Annual Meeting was held in 
Dallas, Tex., Oct. 12-15. The Sewage 
and Industrial Wastes Section of the 
Texas Water and Sewage Works As- 
host and a 
better one would be hard to imagine 
our Stetsons are off to you. 

From all parts of the United States 
and Canada and from a half-dozen 
foreign countries, members came 
streaming into Dallas in the wake of 
a Texas football victory over Okla- 
homa, 

The total registration reached 1,272 
of which 1,035 were men. The Dallas 
Memorial Auditorium was the site for 
all and exhibits, and the 
Statler Hilton served as the headquar- 
ters for nearly all of the 
tivities. 


host 


sociation was the official 


meetings 
social 
Eleven half-day sessions, covering 
just about every canceivable topic of 
interest to federation members, served, 
of the the 
meeting. behind this finished 
product the untiring efforts of 
many committeemen—especially those 
who worked with Chairman Henry 
Graeser and Co-chairman R. E. Morris, 
Jr. on the Local Arrangements Com- 
mittee and those who worked with 
Chairman George Symons on the Pro- 
Committee. The meeting 
hitch far 
grateful appreciation is 
to: Harry Schlenz and the 
Convention Management Committee; 
D. F. Smallhorst and the Auditorium 
and Technical Committee ; 
K. F. Smith, Jr. and the Registration 
Committee; R. G. Ford and the Fi- 
nance Committee; Mrs. Henry Graeser 
and the Ladies’ Entertainment Com- 
mittee; Ed Morey of the Entertain- 
ment Committee; B. L. Grimes and the 
Loeal Host Committee; and C. H. Wil- 
liams and the Inspection Trip Com- 
mittee. 


course, as substanee of 
Sut 


were 


went 
off without a 


knows, 


as as anyone 
and 


xpressed 


Sessions 
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Technical Program 


The full technical program unfolded 
as announced in the September issue 
of JouRNAL. This year an ad- 
ditional half-day session was added to 
bring the total number of sessions to 
11. Continued again were the popu- 
lar panel on plant and 
sewer maintenanee, the operators’ 
forum, and the research symposium. 

The Laboratory Scientists’ Breakfast 
featured a discussion of chromatog- 
raphy by Drs. A. M. Buswell, T. E. 
Larsen, and Werner N. Grune. This 
event was very well attended. 

At the 1959 Industrial Wastes 
Luncheon, Mr. T. E. Wilker, Plant Su- 
perintendent, Union and 
Chemicals Co., Texas City, Tex., ad- 
dressed a group of nearly 150 on water 
and pollution control problems. Mr. 
Wilker’s talk was entitled ‘‘The Case 
of the Loaded Water Pistol.”’ 

Most of the papers presented at this 
meeting will appear in THis JouRNAL 
during 1960, 


discussions 


Carbide 


Meeting Publicity 


Well over 100 press releases cover- 
ing very nearly every speaker and 
awardee were sent to the appropriate 
local alumni and 
home offices. The response to this effort 
was unusually good and the releases 
probably represent the most successful 
public relations endeavor to date. 


newspapers, offices, 


Local publicity went far beyond ex- 
pectations, and the work of volunteer 
professional assistance in this under- 
taking was obvious if success can be 
judged from results. There was daily 
television and newspaper coverage, and 
radio coverage took the form of taped 
interviews. The of 
participants 
hours to 


willingness 
to 
radio, 


pro- 
many 
and tele- 


cram devote 


newspaper, 


vision reporters is appreciated by all 


lederation members. Those who la- 
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bored behind the scenes are due a large 
vote of thanks. 

The press room at the Memorial 
Auditorium was stocked with press re- 
leases and manuscripts and usually a 
large number of people arranging for 
TV, radio, and newspaper interviews. 
It was truly a center of news dissemi- 
nation. 


Entertainment Events 


Two social events stand out as 
memorable. The first was the Monday 
night Chuck Wagon Barbecue and the 
entertainment which followed. The 
second was the Wednesday night 
Award Dinner. 

The scene of the Barbecue was the 
arena of the Memorial Auditorium. 
Here, complete with a real honest-to- 
goodness chuck wagon, were tables 
heaped with genuine outdoor food. 
Armed with a tin plate and cup, meet- 
ing-goers started out on an evening 
of pure pleasure. After consuming 
unmentionable amounts of barbeeued 
beef and fried pies, the whole lot of 
us were treated to an exhibition by 
some fancy-stepping square dancers 
who were later joined by a good num- 
ber of fearless, properly attired, prime 
physical specimens from the ranks. 

With the evening now disappearing 
as quickly as the sugar put in those tin 
coffee cups, square dancing stopped 
and the roundup started. The group, 
now herded into the Auditorium’s 
theater, could hardly expect the tri- 
umphs already experienced to be 
equalled—but they were, and in grand 
stvle. 

The variety show entertainment was 
wonderfully professional, and if any- 
one is still looking for a lost watch or 
wallet, surreptitiously pilfered by 
Harry Blackstone, Jr., it looks as if 
vyou’re out either one watch or one 
wallet. 

Wednesday night the Grand Ball- 
room of the Statler Hilton was visited 
by some 700 members and guests who 
eame to honor the Awardees and new 
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Honorary Members. Following the 
Awards Dinner there was dancing. 


Inspection Trips 


When it rains in Texas it really 
rains, but why it had to rain on the 
day of the field trips we will never 
know. Our sympathy goes out to 
those who worked so hard'on this phase 
of the meeting. 


Manufacturers’ Exhibits 


The Water and Sewage Works 
Manufacturers Association arranged 
for the largest exhibition of wastewa- 
ter wares ever to be displayed at a 
Federation meeting. Not only were 
the exhibits unusually appealing, but 
they were manned by some of the 
most helpful and polite men in the 
business. 

Fifty-five exhibitors and at least 
1,000 visitors enjoyed the roominess of 
the Exhibit Room of the Auditorium. 


1959 Awards 


The following honors and awards, 
as conferred by the Board of Control, 
were presented by President Hatfield 
at the Annual Awards Dinner on Oc- 
tober 14: 


Presented with the Past President’s 
Certificate was Kenneth S. Watson, 


FARNFST M. Boycr 
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Consultant, Water Management and 
Waste Control for the General Electric 
Company, Schenectady, N. Y., in ap- 
preciation of 
as President of the Federation during 
1958. 

Elected to Honorary Membership 
Earnest M. Boyce, Professor of 
Municipal and Sanitary Engineering 
and Chairman of the Department of 
Civil Engineering at the University of 


his outstanding service 


were 


Michigan, Ann Arbor, Mich.; and 
Kraneis de Sales Friel, President of 


Albright and Friel, Philadelphia, Pa. 
Both men are Past Presidents of the 
Federation and along with their out- 
standing contributions to the sani- 
tary engineering profession have found 
time to give to many Federation ac- 
tivities. 

The Harrison Preseott Eddy Medal 
for an outstanding contribution in re 
awarded to Edward R. 
Hermann and Earnest F. Gloyna for 
their work as presented in the three- 
part paper ‘‘Waste Stabilization 
Ponds,’’ the parts of which appeared 
in the April, May, and August (1958) 
issues of Tots JouRNAL. Dr. Hermann 
is at present Health Engineer for the 
Medieal Division of the Humble Oil 
and Refining Company, Baytown, Tex. ; 


search was 


AND INDUSTRIAL WASTES 


December 1959 


Dr. Gloyna is Professor of Civil Engi- 
neering and Director of Sanitary En- 
gineering Research Projects, Univer- 
sity of Texas, Austin. 

The George Bradley Gascoigne 
Medal for operational contributions 
was earned by the three-man team of 
Robert D. Bargman, William F. Gar- 
ber, and Joe Nagano from the Sewage 
Treatment Division of the city of Los 
Angeles, Calif., for their paper, 
“Sludge Filtration and Use of Syn- 
thetic Coagulants at Hy- 
perion,’’ which appeared in the Sep- 
tember 1958 issue of Tus JouRNAL. 

The Industrial Wastes Medal was 
given to Hobart Souther and 
Thomas A. Alspaugh of the Research 
Staff of the Cone Mills Corporation, 
Greensboro, N. C., for their work as 
represented in the paper ‘‘Current Re- 
search in Textile Waste Treatment.’’ 
This article published in the 
August 1958 issue of THis JOURNAL. 

The Ckeerles Alvin Emerson Award 
went to Albert E. Berry, General Man- 
ager and Chief Engineer of the On- 
tario Water Resourees Commission, for 
his long and outstanding service to the 
Federation and the profession. 
the 1959 Arthur 
Sidney Bedell Awards, for service to 


Organic 


Roy 


was 


Nominations for 


Member Associations of the Federa- 
tion, were confirmed by the Board as 
follows: Richard Pomeroy  (Cali- 


fornia) ; William L. MeFaul (Canada) ; 
Kerwin L. Miek (Central States) ; 
Marion B. Nixon (Georgia); A. J. Ka- 
plovsky (Maryland-Delaware) ; Har- 


lan P. Dodge (Michigan); Irving J. 
Staid (Montana); Walter M. Kunseh 
(New England); A. F. Dappert (New 
York); W. D. Sheets (Ohio); C. R. 
Holden (Oklahoma); L. D. Matter 
(Pennsylvania); G. Flaques Garces 
(Puerto Rieo); R. P. Lowe (Rocky 
Mountain); Frank H. Miller (Vir- 
oinia and Glen O. Fortney (West 
Virginia). 

Nominations for the 1959 William 


D. Hatfield Awards, for outstanding 
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treatment works operation, were con- 
firmed by the Board as follows: George 
E. Toole, Sr. (California); Frank I. 
Vilen (Central States); Leonard E. 
Waller (Georgia) ; Hugh A. Sehreiber 
(Maryland-Delaware); Preston 
Witcher (Michigan); Clarence’ V. 
Hickey (New England) ; J. M. Brown, 
Jr. (New York); James H. Blodgett 
(Ohio); John Mullins (Oklahoma) ; 
G. H. Boone (Pennsylvania) ; Ruben 
A. Guzman‘ (Puerto Rico) ; and James 
Dooley (Virginia). 


Membership 


The Secretary reported that the 
combined Honorary, Active, and Cor- 
porate Membership of the Associations 
constituting the Federation reflected 
continued growth to another new high 
of 8,559 on Sept. 30, 1959, a gain of 
353, or 4.3 per cent, for the year. 
Twenty-nine groups showed increases ; 
12 showed small losses ; and 2 remained 
the same. 

The total number of Associate Mem- 
bers stood at 76 on Sept. 30. 

The Rocky Mountain Association 
won the numerical increase contest 
with a list of 40 new members. Press- 
ing the winner were the Virginia and 
Mississippi Associations with 29 and 
27 new members, respectively. 

The Nebraska was 
awarded the percentage increase prize, 
showing a net gain of 39.4 per cent. 
Very close behind were the Rocky 
Mountain with 38.5 per 
cent and Mississippi with 37.0 per cent. 


Association 


Association 


During the year the Indiana Associ- 
ation came into being, thus increasing 


the number of Member Associations 
to 43. The Indiana group was form- 


erly associated with the Central States 
Association. 
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Bal Harbour, Fla., in 1964 

The Meeting Place Committee rec- 
ommended, and the Board approved, 
Bal Harbour, Fla., as the official 1964 
meeting place. The meeting will be 


Oct. 11-16, 1964, at the Americana 
Hotel. Previously announced and ap- 
proved meeting sites are: 
1960, Philadelphia, Pa., Philadel- 
phia-Sheraton, Oct. 2-6. 
1961, Milwaukee, Wis., Schroeder 


Ilotel, Oct. 9-12. 

1962, Toronto, Canada, Royal York 
Hotel, Oet. 8-11. 

1963, Seattle, Wash., Olympie Hotel, 
Oct. 6-10. 


Invitations are on hand from the 
following Member Associations: Ken- 
tucky-Tennessee (Louisville), Missouri 
(Kansas City or St. Louis), Ohio 
(Cineinnati), Rocky Mountain and Ne- 
braska (Denver), Pennsylvania (Pitts- 
burgh), Iowa (Des Moines), New 
Jersey (Atlantic City), and New York 
(New York). 


Bedell and Hatfield Award 
Nominations 


The accompanying schedule of Be- 
dell and Hatfield Award nominations 
was approved by the Federation Board 


of Control on October 11, 1959. The 
award schedule is ineluded for the 
current three-year period. Those 


Member Associations with changes in 
membership which place them in a 


different category for award eligi- 
bility are included in the future 
schedule. 


Director-At-Large 

A. J. Steffen, Sanitary Engineer for 
Wilson and Company, Ine., Chicago, 
was elected Director-At-Large for the 
term October 1959 to October 1962. 
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Bedell and Hatfield Award Schedule 


(Date of Award is year submitted to Board of Control) 


Members Future Schedule* 
Nominations 
Per 3 Years 
9-30-58 5 1961 1962 


Member Association 


Alabama 56 
Arizona 13 
Arkansas 16 
California 640 
Canadian Institute 606 


Central States 

Dakota (North & South 
Federal 

Florida 

Georgia 


Cermany 
Indiana 

lowa 

IPHE (England 


ISP (England) 


Israel 

Kansas 
Kentucky-Tennessee 
Louisiana 
Maryland-Delaware 


Michigan 
Mississippi 
Missouri 
Montana 
Nebraska 


New England 
New Jersey 
New York 
New Zealand 
North Carolina 


Ohio 

Oklahoma 

Pacific Northwest 
Pennsylvania 
Puerto Rico 


Rocky Mountain 
South Carolina 
Sweden 

SWISS 


Texas 
Utah 
Virginia 
West Virginia 
Totals 8,559 


* Schedules for 1961 and 1962 based on membership as of Sept. 30, 1959. 
t Year eligible to petition for nominations. 


ie 636 3 \ \ \ 
631 3 \ \ \ 
17 52 \ 
ape 152 151 2 \ \ 
10 4 \ 
231 \ 
25 23 \ 
129 127 \ 
181 160 \ 
197 200 l \ 
15 ig VT 
71 81 1 
579 534 3 \ \ \ 
73 100 \ 
35 39 \ 
61 85 | 
106 411 2. \ \ 
322 338 2 \ 
644 667 3 \ \ \ 
30 33 1 
163 162 \ 
131 139 2 
345 353 2 \ \ 
505 501 3 \ 
104 144 \ 
17 50 \ 
110 120 \ 
2 \ \ 
\ 
\ 
eo 22 20 19 


BOARD OF CONTROL ACTS 


Directors representing a high pro- 
portion of Federation Membership as- 
sembled under the leadership of Presi- 
dent W. D. Hatfield on October 11 to 
hear reports of the previous year’s 
Federation activities. On Thursday, 
October 15, the 1960 Board assembled 
under the chairmanship of President 
Mark D. Hollis to act on the recom- 
mendations of the previous Board and 
to plan the Federation year ahead. 

Of transcending interest at the Dal- 
las Board Meetings was the question 
of organization name change. At the 
1958 Board Meeting, a Name Change 
Committee under the chairmanship of 
Mr. Roy Weston was appointed to ree- 
ommend to the Board of Control ac- 
tion on this matter. After painstaking 
diseussion in the course of the Dallas 
Meeting, the final recommendation of 
this group was presented to the Board 
on October 15. By a show of hands, 
the Board voted 35 to 3 for the name 
WATER POLLUTION CONTROL 
FEDERATION, but because of con- 
stitutional requirements it was nec- 
essary to conclude this by a mail bal- 
lot. Well before the deadline date of 
December 24, the necessary two-thirds 
of the Board Members approved this 
name. Accordingly, starting January 
1, 1960, the Federation name will be 
WATER POLLUTION CONTROL 
FEDERATION. There is no change 
other than the name. Objectives and 
the general pattern of activities re- 
main the same. 

A corresponding name change for 
THis JOURNAL was left in the hands 
of the Executive Committee by the 
Board of Control. With the new or- 
ganization name change, the Exeeu- 
tive Committee has selected the name 
JOURNAL of the WATER POLLU- 
TION CONTROL FEDERATION. 
In this way, the organization name 


and the Journal name will be closely 
related. 

There were no additional areas in- 
cluded by Member Association changes, 
but the petition of the South Dakota 
Sewage and Industrial Wastes Associ- 
ation was approved with the expecta- 
tion that a similar petition would be 
presented by a North Dakota group. 
These organizations have heretofore 
been listed as a single organization, 
but have actually operated independ- 
ently from the standpoint of their an- 
nual meetings. 

In addition to the change in the Da- 
kota Associations, the Board approved 
a petition for membership by the Mis- 
souri Sewage and Industrial Wastes 
Association, which was presented as 
a new Member Association to replace 
the Sewage Works Section of the Mis- 
souri Water and Sewage Conference. 

Organization Committee Chairman 
John W. Wakefield also reported that 
a Sewage and Industrial Wastes See- 
tion of the Georgia Water and Sewage 
Association had been formed as the 
Federation affiliate in that state. By 
this action, Georgia joined many oth- 
ers which have recently changed their 
organizational pattern to conform to 
the requirements of the Federation 
Bylaws. 

Recently, similar documentary 
changes have been made by the fol- 
lowing organizations: Alabama, Lou- 
isiana, Maryland-Delaware, and Texas. 
At this time, it appears that only Ar- 
kansas, Oklahoma, and South Carolina 


have organization documents. which 
have minor variations these 
requirements. 


The Organization Committee further 
reported and the Board approved the 
appointment of Regional Directors by 
Board Directors. Such Regional Di- 
rectors have been proposed to assist 
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officers in their attendance at Member 
Association Meetings. 

The Board received official informa- 
tion that the Ten-Year Index for the 
Federation Journal (1949-1958) is 
available. Within the last year, the 
revision of the Federation Safety Man- 
ual, MOP No. 1, was published and 
the first of two Joint Manuals with 
ASCE, Sewage Treatment Plant De- 
sign, became available. The 
Joint Manual, Design and Construc- 
tion of Sanitary and Storm Sewers, is 
expected to be available very early 
in 1960. Other Manuals will be made 
available as Committee work 
and their final editorial preparation 
can be completed. 

The operating budget for 
approved by the Board of Control 
is $168,000. This amount ineludes 
$9,500 for direct public relations ac- 
tivities in the Federation office. The 
budget balaneed for 
1960, and a provision of its approval 
by the Board of Control is that 1960 
receipts will not be exeeeded without 
specific approval of the 
Committee. 

The audited net worth of the Fed- 
eration at the end of 1958 was $86,- 
244.63, a reduction of about $7,000 
during the year. 

Dr. George E. Symons, Chairman of 
the Publications and Program 
mittee, reported to the Board on ses- 
programming of the last four 
Annual Meetings. The report indi- 
eated full attention to all phases of 
interest to Federation Members. 

Dr. Morris M. Chairman of 
the and Industrial Wastes 
Practice Committee, reported on the 


second 


fast as 


1960 as 


as approved is 


Executive 


Com- 


sion 


Cohn, 
Sewage 


detailed status of Manuals under prep 
aration by subcommittees under his 
direction and promised that committee 
work on the completion of these Man- 
uals will be expedited. 
Dr. H. Heukelekian, 
the Research 
briefly the 


Chairman of 
Committee, reviewed 
work of his committee 


AND INDUSTRIAL WASTES 


December 1959 


which consists principally of the prep- 
aration of the annual review of the 
literature as published in Tus Jour- 
NAL. With the inerease in literature 
volume, the committee found it 
necessary to use all reasonable ab- 
breviations possible. The 1953 review 
published in the May, June, and July 
the 1959 Journal ineluded 
references of over a thousand articles 
reviewed by 
Committee. 
Dr. Gail P. Edwards, Chairman of 
the Standard Methods Committee, gave 
a progress report on the publication 
of the 11th Edition of ‘‘Standard 
Methods.’’ This publication is reach- 
ing the final editorial stage and avail- 
ability is expected late in 1960. 
Chairman Kenneth S. Watson re- 
ported on the various projects which 
have engaged the Industrial Wastes 
(‘ommittee during the last year. This 
has consisted of cooperation with the 
Publications and Program Committee 
on the Industrial Wastes Sessions of 
the Annual Meeting, increasing in- 
dustrial participation by Member As- 
sociations, and acting as a Federation 


has 


issues of 


members of the Research 


Membership Committee among engi- 
neers, chemists, and operators con- 
cerned with industrial wastes treat- 


ment problems. 

Among the other committee reports 
which were presented and received by 
the Board, one of particular member- 
ship interest is the report of the Pub- 
lic Relations Committee which had a 
most active and effective year under 
Chairman A. C. Bryan. Some of these 
activities are reported on page 1438. 

On October 15, 1959, the Board 
adopted resolutions noting formally 
the losses by death of Federation Past 
President Victor M. Ehlers, who was 
President in 1948-49, and Mr. John 
W. Cunningham, who served as Vice- 
President for part of 1955-56. The 


loss of Bernard S. Bush, Direetor from 
Pennsylvania, was also noted by reso- 
lution of the Board. 


¢ 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


Dr. Werner N. Grune was recently pro- 
moted to the rank of Professor of Civil 
Engineering at the Georgia Institute of 
Technology, Atlanta, Ga. 

John E. Rice, Chief Chemist of the 
Washington, D. C., sewage treatment op- 
erations, died in Washington in October. 
He had been active in the sewage treatment 
program of the Distriet of Columbia for 
the past 20 years. 

Charles O. Huntress has joined Smith 
and Loveless, Inc., Lenexa, Kans., as a 
district sales manager. His most recent 
company affiliation was with the Munici- 
pal Service Company, Kansas City, Mo. 

Willard F. Schade and Associates, 
Cleveland, Ohio, has appointed Paul Eh- 
renfest as Associate in its organization. 

Glen J. Hopkins, Regional Engineer of 
the Public Health Service in Kansas City, 
has been assigned by the International Co- 
operation Administration, State Depart- 
ment, as a consultant to the Jordan Na- 
tional Government to assist in the establish- 
ment, staffing, and implementation of a 
national water program. * He expects to 
return to his duties in Kansas City about 
the first of the year. 

Dr. Morris M. Cohn left early in No- 
vember for a visit to Israel. 

The Eimco Corporation has announced 
the election of Jack W. Pratt and Berne 
A. Schepman as Vice-Presidents. Mr. 
Pratt is Eastern Sales Manager of the 
Process Sanitary Division and Mr. Schep- 
man is in the sales and engineering offices 
in California. 

William A. Cawley is now in the Re- 
search Department of the Mead Corpora- 
tion, Chillicothe, Ohio. 

William G. Hamlin, sanitary engineer 
specializing in waste control, recently 
joined the training program staff of the 
Public Health Service’s Robert A. Taft 
Sanitary Engineering Center in Cincinnati. 
For the last several years he has been in 
private engineering practice, 


Dr. Rolf Eliassen, Professor of Sani- 
tary Engineering at the Massachusetts In- 
stitute of Technology, recently spent sev- 
eral weeks in Vienna, Austria, at the 
request of the International Atomie Energy 
Agency, for the purpose of setting up a 
research program on the disposal of radio- 
active wastes. 

Dr. Anthony F. Gaudy, Jr. has been 
appointed Assistant Professor of Sanitary 
Engineering on the staff of the Department 
of Civil Engineering of the University of 
Illinois. 

Harold F. Elkin, Sun Oil Company, 
Philadelphia, has been named to the Na- 
tional Technical Task Committee on In- 
dustrial Wastes as an alternate member 
representing the petroleum industry. 

William C. Gibson had to shorten a 
tour in Europe which was sponsored by 
WHO, to return and aecept the position 
of Acting Dean, School of Public Health, 
University of Michigan, Ann Arbor. 

Henry Wilkens, Jr., municipal utility 
specialist with Turner and Collie, Hous- 
ton, Texas, has been appointed a member 
of the National Defense Executive Reserve, 
U. S. Department of Commerce. 

Roger D. Lee has resigned his position 
as Superintendent of Sewage Treatment 
for the City of Wichita, Kansas, to accept 
a position with the International Coopera- 
tion Administration, U. S. State Depart- 
ment. He will be stationed in Guayaquil, 
Eeuador. 

Ground was broken October 1 for the 
18-story United Engineering Center at 
United Nations Plaza in New York. 
pletion is expected in 1961. 

Frederick G. Nelson, of Dorr-Oliver 
Incorporated, Stamford, Conn., has been 
assigned to Tokyo, Japan, as Technical 


Com- 


Advisor to Sanki Engineering Co., Ltd., 
Dorr-Oliver manufacturing representative 
in that country. 
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Editorial 


YOUR NEW FEDERATION JOURNAL 


It is natural for emotions to run 
high when changes occur, and it is with 
sadness that we announce this 
as the last issue of SEWAGE AND 
INDUSTRIAL WASTES. 

For ten years this has been the name 
of the Federation which has 
had a respected if not honored place 


some 


Journal 


in the libraries of its recipients just 
as its predecessor, SEWAGE WORKS 
JOURNAL. This is indeed a great 
tribute to all those who have contrib- 
uted to and helped in the production 
of the Federation Journal throughout 
its life. The virtual doubling of the 
Journal paid cireulation during the 
last decade is itself a manifestation of 
reader acceptance. 

The next Tis JOURNAL, 
January, 1960, will bear the new title 
JOURNAL of the WATER POLLU 
TION CONTROL FEDERATION. 
This is in keeping with the new organ- 
ization name effective January 1, 1960. 
It should be emphasized that the Fed- 
eration’s aims and objectives remain 


issue of 


the same and only the name has been 
changed. The full range of Federa- 
interest encompasses the collee- 
tion, treatment, and disposal of sewage 
industrial 


tion 


and wastes (wastewater) 
and the sanitation of waterways. 
With word 
reference to the organization, THE 
FEDERATION, remains the same 
and the brief reference to THis Jour- 
NAL may remain as the ‘‘Federation 
Journal.’’ The initials of the organ- 
ization will be WPCF, instead of 


these changes, the one 


KSLEWA, while the official reference to 
THis JOURNAL where abbreviation is 
appropriate will be Jour. WPCF. It 
is anticipated that the close relation 
between the Journal and organization 
name will be complementary to both. 
Federation Members owe appreciation 
to the Name Change Committee which 
labored so diligently through the year 
preceding the Dallas Meeting to reach 
a conelusion as recommended to the 
Board. Indeed, the Board of Control 
should receive an expression of appre- 
ciation from the membership for its 
incisive consideration of this question 
with the hope that the organization 
and everyone in the field will be bene- 
fited in the years to come. 

With such a change, members may 
be divided into three groups, (1) those 
vigorously in favor of the change, (2) 
those in favor of a change but wonder- 


ing if the eonelusion is the best one, 


‘and (3) those opposed to any change. 


The deliberations at Dallas and the 
overwhelming vote of the Board by 
formal mail ballot sinee the Dallas 
Meeting indicate that a heavy major- 
ity favors the change and it has been 
accordingly adopted. Now we may all 
take pride in this progressive step and 
support the result by using the name 
with all whom we may contact whether 
within or without our organization. 
The rallying of all members under 
this new banner will help your Fed- 
eration attain its place and fulfill its 
role in the broad water resources field. 
R.E.F. 
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Reviews and Abstracts* 


Observations in Foaming and Its In- 
hibition in a Bacterial Culture. By S. 
J. Pmt anp D. 8. Cattow. Jour, Appl. 
Bacteriol. (Brit.), 22, 2, 211 (1959). 
Inhibition of foaming in a continuous 

culture of bacteria was studied. The anti- 

foam agents used were Alkaterge C, Sili- 

cone antifoam A and Antifoam 60. 

The amount of antifoam required to con- 
trol foaming was least for Alkaterge C. 
For 100 to 250 hr after a culture was 
started foaming was normal. After this 
period intense foaming occurred.  Floe- 
culation of the bacteria was associated with 
intense foaming. When intense foaming 
rates of carbon substrate 
utilization and formation of metabolic¢ prod- 
ucts by the culture decreased. Intense 
foaming happened spontaneously and was 
not correlated with any change in the 
culture conditions. Foaming seemed to be 
more favored at pH 7.0 than at pH 5.0. 
The culture medium did not foam when 
aerated by itself. Foaming only oceurred 
when bacteria were produced in the medium 
(0.5 to 1.0 per cent dry weight) indicating 
that bacteria were the source of foam sta- 
bilizing agent. Even with intense foaming, 
addition of antifoam always destroyed the 
foam, but the effect was very short-lived. 
A reliable method for stopping the intense 
foaming was to decrease the oxygen solu- 
tion rate o, to 100 or less. After a few 
days under these conditions, it was possible 


occurred the 


to inerease go, again without causing in- 

Periodie addition (2 to 
t-hr intervals) of antifoam to maintain a 
sufficient concentration of antifoam in the 
culture to prevent foam formation rather 
than to destroy it after it has formed was 
more effective with lower total consumption 
of antifoam. 


8 


tense foaming. 


Hl. 


Vitamin B,. in Sewage Sludge. By S. 
SATHYANARAYANA Rao, C. A. Sastry, 
H. N. Buagavan, anp B. R. Bauiaa. 
Science, 129, 3344, 276 (1959). 

The total By» activity was determined by 
drying and extracting with 1-per cent so- 
dium acetate (pH 4.6) and vitamin con- 
tent was assayed with Lactobacillus leich- 
manii as a test organism. The true vitamin 


TABLE I.—Determination of True Vitamin B,,. 
Activity of Various Materials 


Alkali- 
Stable 
Activity 
100g) 


| 
| 
| 
| 


Material | Activity 


| (me 100g) | 


Raw sewage solids | 


difference) 
(uz / 100g) 


Lime sludge 
Alum sludge 
Septic sludge 
Activated sludge 
Protozoa 

(Epistylis sp.) 
Cow dung 


54.53 
14.00 14.00 


By» activity is derived from the difference 
between this value and the alkali-stable ac- 
tivity. The results are given in Table I. 


H. HeuKELEKIAN 


Inorganic Nitrate, Nitrite or Nitrate- 
Nitrite Rapid Colorimetric Determina- 
tion of Microgram Quantities in Aque- 
ous Solution. By F. L. Fisner, EF. R. 
AND H. F. Beckman. Arnal, 
Chem., 30, 1972 (1958). 

The present information to 
show that Brucine can be used to deter- 
mine nitrate at high sulfurie acid concen- 
trations while nitrite ions develop color in 
low sulfurie acid concentrations with Bru- 
eine. The data show that the color in- 
tensity is dependent upon the order of 
addition of sulfurie acid and the separate 


authors 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 


which might be suitable for abstracting in TH1s JOURNAL. 


Publications of publie health de- 


partments, stream pollution control agencies, research organizations, and educational institu- 


tions are particularly desired. 


Address such material: Federation of Sewage and Industrial 


Wastes Assns., 4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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Brucine reagent, the maximum 
ture of the total 
Brucine added, as 
tion of 


tempera 
mixture, the amount of 
well as the coneentra 
nitrate or nitrite present. 


Rh. S. INGous 


BOOKS, REPORTS, 
PAMPHLETS 


Proceedings of the Twenty-First Annual 
Short Course for Superintendents and 
Operators of Water and Sewerage 
Systems, March 12-14, 1958. Engineer- 
ing Experiment Station, Louisiana State 
University, Baton Rouge, La. Bulletin 

Price $2.00 (1958). 


Collection of papers given at 1958 short 


62, 220 pp. 
course, 


Hydraulics of Culverts. By Joun (Gi. 
HENDRICKSON, Jr. American Concrete 
Pipe Assn., Chicago, Ill. 228 pp. (1957). 
Textbook composed of 

seven chapters. 


style manual 


Concrete Pipe Handbook. By Howarp 
PeEckwortHu, American Concrete Pipe 
Assn., Chicago, Ill. 451 pp. plus appen 
dices 44 pp. (Feb. 1958). 

A new edition containing a comprehen- 
data 
pertaining to con- 


sive collection of engineering and 


technical information 
crete pipe. 15 chapters and 2 appendices. 


Indexed and illustrated. 


The Effects of Atomic Radiation on 
Oceanography and Fisheries. Publi- 
cation No. 551, National Academy ot 
Sciences—National Research Council, 
Washington, D. C. 137 pp. (1957). 

A bound volume composed of 13 chap 
ters, representing individual and combined 


reports of committee members. 


Air Pollution Measurements of the Na- 
tional Air Sampling Network, Analy- 
ses of Suspended Particulates 1953-57. 
U. S. Dept. of Health, Edueation, and 
Welfare, Public Health Service, Robert 
A. Taft Sanitary 
Cincinnati, Ohio. 
Bulletin No. 637, 
(1958). 


Engineering Center, 
Publie Health Service 


259 pp. Price $2.00 


Report on the first five years of opera- 
tion. 
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Standards for Physical Security of In- 
dustrial and Governmental Facilities. 
Exeeutive office of the President, Office 
of Defense Mobilization, U. S. Govt. 
Printing Office, Washington, D. C. 44 
pp. Price $0.30 (Mar. 1958). 
Security recommended — for 

protection 

and other subversive activities. 


measures 


against*-espionage, sabotage, 


The Water Pollution Control Program 
of the U. S. Public Health Service. 
U. S. Dept. of Health, Education, and 
Welfare, Public Health Service, Wash- 
ington, D. C. Publication No. 631, 26 
pp. Price $0.25 (1958). 

A report on progress for 1957-58 under 
the Federal Water Pollution Control Act. 


International Journal of Health Educa- 
tion. American National Council for 
Health Edueation of the Public, Ine., 
New York, N. Y. Quarterly. Price 
$3.00 per year. 

A new journal printed in English and 

French, 


Minimum Property Standards for One 
and Two Living Units. FHA No. 300, 
Federal Housing Administration. U. S. 
Govt. Printing Office, Washington, D. C. 
315 pp. Price $1.75 (Nov. 1958). 
Detailed FHA standards. Extensive 

use of diagrams and tabular data. 


Papers Presented at Fifth Ontario In- 
dustrial Waste Conference, May 25-28, 
1958. Ontario Water Resources Com- 
mission, Toronto, Ontario. 181 pp. 
(1958). 


Proceedings of meeting. 


Dowpac Applications in Waste Treat- 
ment. The Dow Chemical Co. Plasties 
Dept., Midland, Mich. 23 pp. (July 
1958). 
Description of 

manufacture, and 

media. 


Dowpae development, 
use as trickling filter 


Lake Ontario Including Specified Tribu- 
taries. Lake Ontario Drainage Basin 
Survey Series Report No. 4, New York 
State Department of Health, Water Pol 
lution Control Board, Albany, N. Y. 
447 pp. (1958). 


a: 
~ 
> 
4 
: 
| 
+ 
> 
- 


SEWAGE AND INDUSTRIAL WASTES 


Top Photo 


Fillmore, Calif. 
Sewage Plant 


Photo at Left 
Digester at 
Fillmore Plant 


Varec Equipment helps Fillmore, Calif. 
meet its Sewage Problem 


Fillmore faced a common problem of 
many Southern California cities, — a 
booming population that over-taxed the 
sewage system. 

The solution was a compact, modern 
digester system that is efficient and attrac- 
tive. To protect this fine plant against fire 


and explosion, and regulate the volatile 
sewage gas for smooth operation, VAREC 
SEWAGE GAS CONTROL AND 
SAFETY DEVICES are on the job. 

Over 18 years of experience in control- 
ling sewage gases has made Varec one of 
the leaders in the field. 


Send for Varec Catalog S-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, California 
Cable Address: Varec Compton California (U.S. A.) All Codes 


$-14 


Available from Authorized Sewage Equipment Agents throvghout the U.S. and Canada 
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Proceedings of Member Associations 


VIRGINIA INDUSTRIAL 
WASTES AND SEWAGE 
WORKS ASSOCIATION 


The 13th Annual Meeting of the 
Virginia Industrial Wastes and Sewage 
Works was held at the 
Mimslyn Motor Inn, Luray, Va., Apr. 
13-14, 1959 The attendance was 
greater than at any previous meeting; 
179 registered. 


Association 


started and ended on 
time and each was a paragon of con- 
vention administration. The program 
was excellent and educed much floor 
Among the subjects dis- 


All S@ss1lons 


discussion. 


cussed were: 


Biological 
Roy F. 


Engineer, New- 


‘Developments in the 
Treatment of Wastes,’’ by 
Weston, Consulting 
town Square, Pa. 

‘“Tndustrial Wastes Treatment—Dis- 
cussion,’’ by D. H. Moeller, Plastic 
Technical Service, Dow Chemical Co., 
Midland, Mich., and John H. Morris, 
Merck and Co., Rahway, N. J. 

‘Safety in Treatment 
Plants,’’ by Richard H. Mansur, Bu- 
reau of Industrial Hygiene, State Board 
of Health, Richmond, Va. 

‘‘Collection and Treatment of Sew- 
age at Petersburg, Va.,’’ by T. T. Mus- 
crove, Jr., Superintendent, Division of 
Sanitation, Petersburg, Va. 

‘‘Warmville Stabilization Ponds 
Methods and Techniques Employed in 
Studies,’’ by A. H. Paessler, Executive 
Secretary, State Water Control Board, 
Richmond, Va. 

‘“*‘Sewer Construction and 
nance,’’ a panel discussion. 

‘‘Mederation Affairs,’?’ by Mark D. 
Hollis, Vice-President, FSTWA. 


Sewage 


Mainte- 


At the business session it was pro- 
posed that the Association continue to 
co-sponsor an operator's course held 
at VPI. Among other things the As- 


sociation voted to establish an Enslow- 
Iledgepeth Award to be given an- 
nually for outstanding work in the 
treatment of municipal or industrial 
wastes. 

The final action by the Association’s 
Name Change Committee will be post- 
poned for a year pending the Federa- 
tion’s decision along these same lines. 

The officers to serve during the year 
1959-60 are: 


President: A. Hi. Paessler, Richmond. 

Vice-President: Harry L. Hale, Fair- 
fax. 

Director: BE. H. Ruehl, Richmond. 

Secretary-Treasurer: Orval J. Hand, 


Hopewell. 


OrvaL J. Hanp 
Secretary-Treasurer 


CENTRAL STATES SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 32nd Annual Meeting of the 
Central States Sewage and Industrial 
Wastes was held at the 
Pick-Nicollet Hotel, Minneapolis, Minn.., 
June 24-26, 1959. 

The technical program covered the 
spectrum of wastewater interests and 
included the following papers: 


Association 


‘*Present Status—Minnesota Water 
Pollution Control,’’ by Reetor H. Put- 
man, Chairman, Minnesota Water Pol- 
lution Control Commission, Minneapo- 
lis, Minn. 

“Some Technical Considerations in 
Water Quality Management,’’ by B. B. 
sxerger, Chief, Water Supply and 
Water Pollution Research, USPHS, 
Cineinnati, Ohio. 


(Continued on page 538a) 
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Wedge-Loc 


MINIMUM INFILTRATION! oe ROOT-TIGHT SEAL! 


FAST INSTALLATION! 


When you install Vitrified Clay Pipe with Wedge- 
Lock Factory-Made Joints, you leave nothing to 
chance. Wedge-Lock pre-cast Joints are bonded to 
bell and spigot . . . snap together instantly . . . seal 
SEALED! | the entire circumference of the pipe to reduce infiltra- 
] tion and resist roots. Always specify Wedge-Lock, your 
Full Circle of Protection against infiltration ... root 
problems . . . job delays . . . ultimate high cost result- 
ing from costly repairs or maintenance. 


Write to listed manufacturers for literature or an actual Wedge-Lock demonstration 


Wedge-Lock ciay pipe 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 


Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers: 
Cannelton Sewer Pipe Company Larson Clay Pipe Company Detroit, Mich. 
Cannelton, Ind. 


The Clay City Pipe Company The Logan Clay Products Company 
Uhrichsville, Ohio Logan, Ohio 


The Evans Pipe Company Uhrichsville, Ohio The Robinson Clay Product Company 
Akron, Ohio 


Graff-Kittanning Clay Products The Stillwater Ciay Products Company 
Worthington, Pa. Cleveland, Ohio 


Superior Clay Corporation, Uhrichsville, Ohio 


WLC 158-'65-B8 


37 
537a 
| 
PROTECTIO : 
ay 


‘“Investigation of New Processes of 
Sludge Disposal,’’ by E. Hurwitz, Di- 
rector of Laboratories, Metropolitan 
Sanitary District of Greater Chicago, 
Chicago, Ill. 

Re-Appraisal of Deoxygenation 
Rates of Raw Sewage, Effluents, and 
of Receiving Waters,’’ by G. J. Schroe- 
pfer, University of Minnesota; M. L. 
Robins, Minneapolis-St. Paul Sanitary 
District; and R. H. Susag, University 
of Minnesota, Minneapolis, Minn. 

‘*Reaeration of Streams,’’ was dis- 
eussed by Ralph H. Scott, Engineer, 
Wisconsin State Board of Health, 
Madison, Wis., and L. A. Hamilton, 
Senior Chemist and Bacteriologist, 
Minneapolis-St. Paul Sanitary Dis- 
trict, Minneapolis, Minn. 

‘The Radiological Program in Min- 
nesota as Related to Water Quality,’’ 
by Warren R. Lawson, Minnesota De- 
partment of Health, 
Minn. 


Minneapolis, 


— Manufacturers Since 1885 


Gruendler’s Success 
in the City of Chicago 


— 


Birds eye view of the Gruendler 2XB Sewerage Shredder, 
one of three Gruendler installations in operation by the 
City of Chicago, Ill, Sanitary District. 


The first installation of the three Gruendler Sewerage 
Shredder Units in the City of Chicago (North Side Plant) 
solved the very difficult problem of shredding sewerage 
having a considerable amount of rag content. ‘Two ad- 
ditional Gruendler Units are now in operation in the 
Chicago South West Plants. The precision features of our 
Shredders, backed by long experience is the prime rea- 
son for our success in Cities all over the Country. 

Write to Dept 


S.1.W.-1259 for illustrated catalog. 


GRUENDLER CRUSHER 
and PULVERIZER CO. 
2915 N. Market St., St. Louis 6, Mo. 
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‘*Effeets of Pollution on Life in a 
Stream,’’ by Theodore A. Olson, Uni- 
versity of Minneapolis, 
Minn. 

‘*Biological Treatment of Refinery 
Wastes,’’ by A. S. Gilliam, Vice Presi- 
dent, Great Northern Oil Co., St. Paul, 
Minn. 

““Cannery Waste 
son, Manager, Civil Ek). 
Giant Co., LeSueur, Minn. 

‘‘Packing Plant Wastes,’’ by A. S. 
Johnson, General Project Engineer, 
Oscar Mayer & Co., Madison, Wis. 

‘“Milk Wastes,’’ by F. H. Schrauf- 
nagel, Engineer, Wisconsin State Board 
of Health, Madison, Wis. 


Minnesota, 


TT. G. Mon- 


ing, Green 


The 


waste 


and 
treatment 


design operation of the 
plant at IBM’s Ro- 
chester, Minn., plant were discussed by 
Walter W. Zabban of the Chester Engi- 
Pittsburgh, Pa., and Neil H. 
Hanson, International Ma- 
chines Corporation, Rochester, Minn. 
During the panel which 
followed the Operators’ Breakfast, the 
following subjects were discussed: lab- 


neers, 


Business 


diseussions 


oratory analyses, storm water, odors, 
and sludge disposal. 

FSIWA Vice-President Mark D. 
Hollis presented the Bedell Award to 
C. C. Larsen, District Manager, Spring- 
field Sanitary District, Springfield, M1. 
FSIWA President W. D. Hatfield, 
Honored Guest, presented the Hatfield 
Award to Kerwin L. Mick, Chief Engi- 
neer and Superintendent, Minneapolis- 
St. Paul Sanitary District, St. Paul, 
Minn. 

The Radebaugh Award for the best 
paper by a member of the Association 
was presented to W. W. Mathews, Su- 
perintendent, Sewage Treatment Plant, 
Gary, Ind. 

The following officers were elected 
for the year 1959-60: 


President: Lyle H. 
lis, Minn. 


Smith, Minneapo- 


(Continued on page 540a) 
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SEWAGE AND INDUSTRIAL WASTES 


New Journal Index Ready! 


SEWAGE AND INDUSTRIAL WASTES 
INDEX 


Volumes 21-30, 1949-1958 


The Ten-Year Index to SEWAGE AND INDUSTRIAL 
WASTES covering the period of 1949-1958 is now avail- 
able. The 168-page volume is offered in a handsome 
maroon buckram binding at $4.00 and in an attractive 
heavy paper cover at $3.00. 


The new Ten-Year Index is a companion to the pre- 
vious Twenty-Year Index to the first 20 volumes of 
SEWAGE WORKS JOURNAL for 1928-1948, copies of 
which are still available from the Federation office. 


Separate listings by author, subject, and geographic 
categories, along with full cross-referencing make this a 
complete and easy-to-use reference volume. 


Send orders to the Federation office. When remittance accom- 
panies order, postage is prepaid. If an invoice is necessary, postage 
will be added. Checks may be made payable to FSIWA. 


FEDERATION ,OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
4435 Wisconsin Avenue Washington 16, D.C. 
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Ist Vice-President: Walter A. Sperry, 
Aurora, Ill. 


2nd Vice-President: Thomas T. Hay, 
Racine, Wis. 
FSIWA Director (1960): M. Starr 


Nichols, Madison, Wis. 
FSIWA Director (1962) : 
Urbana, Ill. 
Secretary-Treasurer: Seott E. Linsley, 
St. Paul, Minn. 


KE. J. Beatty, 


Scorr E. Linsey 
Secretary-Treasurer 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 1959 Spring Meeting of the New 


York Sewage and Industrial Wastes 
Association was held at the Saranae 
Inn at Upper Saranac Lake, N. Y., 


1959. <A total of 80 mem- 


2° cuests were registered for 


June 8&9, 


bers 


POSITION AVAILABLE 


ENGINEERS with several years 
experience in the field of indus- 
trial wastes. Also, sanitary and 
civil engineers with experience in 
the fields of water supply or sewer- 
age and sewage treatment. [Excel- 
lent opportunity with growing firm. 
Salary commensurate with ability. 
Paid vacations, holidays, hospitali- 
zation. Address reply with resumé 
to: O’Brien & Gere, Consulting 
400 Genesee 


Engineers, Kast 


Street, Syracuse 2, New York. 


SEWAGE AND INDUSTRIAL WASTES 


the technical sessions. In addition, 
56 other guests were informally reg- 
istered for the meeting. 

President Steffensen presided at the 
first day’s technical session. The pro- 
‘Package 


Stations”’ 


gram opened with a film on 
Sewage shown 
courtesy of Smith and 

After the film the fol- 


lowing papers were given: “*‘The Su- 


Pumping 
through the 
Loveless, Ine. 
pervision of Transpirational Sewage 
Disposal,’’ by W. R: Schreiner ; ‘‘ Modi- 
fied Turbine Aeration for Improved 
Oxidation Efficieney,’’ by W. W. 
Eckenfelder, Jr., D. J. O’Connor, and 
Edwin Barnhart; ‘‘Rapid Start-up of 
Sludge Digesters at a Small Sewage 
Plant,’’ by H. E. Orford, D. D. Egan, 
and J. P. Foley; ‘‘Dust Emission Con- 
trol and Fluid Waste Program of Un- 
ion Carbide Metals Company,’’ by 
S. S. Blackmore; and the final paper 
of the day ‘‘Sewage Treatment for the 
City of Binghampton’’ by H. IL. 
Kaufman. 

At the dinner, the and 
guests were welcomed to the area by 
Mr. H. H. Plumadore, Supervisor of 
the town of Harrietstown. The Rating 
Committee’s awards were presented by 
Mr. Bernhardt. The guest speaker for 
the evening was H. P. Kramer, Chief 
of Training, USPHS, Cincinnati, Ohio, 
who spoke on ‘‘ Radioactivity in Sur- 
face Waters.’’ Following the dinner, 
there was dancing and a midnight hot 


dog roast. 


members 


The second and final day’s technical 
session was under the guidance, of Vice- 
President Bernhardt. 
an Operators 
theme 


It consisted of 
and the 
was the operation of sewage 
treatment plants. ‘‘ Activated Sludge 
Plants’’ discussed by F. J. 
Cramer; ‘‘Trickling Filter Plants,”’ 
by C. A. Harvey; and ‘‘ Oxidation La- 
goons,’’ by J. K. Hallenburgh. 


Forum, basic 


were 


R. C. SWEENEY 


Executive-Secretary 
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SEWAGE AND INDUSTRIAL WASTES 


FSIWA PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 


1 Safety in Wastewater Works $1.50 
2 Utilization of Sewage Sludge as Fertilizer. 0.75 1.25 
3 Municipal Sewer Ordinances (Revised)... —t 
4 


Chlorination of Sewage and Industrial 
Wastes 


Air Diffusion in Sewage Works 


Units of Expression for Wastes and Waste 
Treatment 


Sewer Maintenance 
Multiple wire binder for above manuals... 
Sewage Treatment Plant Design 


Design and Construction of Sanitary and 
Storm Sewers 


Uniform System of Accounts for Sewer 
Utilities (revised) 


OTHER FEDERATION PUBLICATIONS 


INDEX, SEWAGE WORKS JOURNAL, Volumes 1-20, 1928-1948 
(Subject, Author, and Geographic), buckram, $4.50. 


INDEX, SEWAGE AND INDUSTRIAL WASTES, Volumes 21-30, 
1949-1958 (Subject, Author, and Geographical), buckram, $4.00; paper, 
$3.00. 


GLOSSARY—WATER AND SEWAGE CONTROL ENGINEERING, 
paper cover, $1.00. 


* Discount of 15% on orders for 12 or more copies of any one manual. 
+ Available in 1959. Write for prices. 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
4435 WISCONSIN AVENUE WASHINGTON 16, D. C. 
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1.00 1.25 
0.25 0.50 
7 
2.00 2.00 
8 3.50 7.00 3 
3.50 7.00 


Siphon A polyethylene 
with a ‘‘self-starter’’ is available in 
14, and The 
14-in. size sells for $7.50 and the 1.- 
in. size sells for $10.00. 


syphon 
in. sizes (Figure 1). 


General Sei- 
entific Equipment Company, 7516 
Limekiln Pike, Philadelphia 50, Pa. 


FIGURE 1.—Transfer siphon. 


solvent- 
available for 
The cement after 
drying leaves a film of aerylonitrile- 


Filter Fabric Repairs—A 
Vieel, is 
patching filter cloths. 


type cement, 


vinyl chloride copolymer, which is re- 
ported to have good adhesion to spun 
staple synthetie fibers and cotton. 
Technical Fabricators, Ine., 136 Wash- 
ington Ave., Nutley, N. J. 


Packing—A pliable metallic 


packing is said to withstand high pres- 


new 


The material 
has a lead base and because of its anti- 
content, has inherent self-lubri- 
cating properties. Called Lonsor, the 


sures and temperatures. 


mony 


SEWAGE AND INDUSTRIAL WASTES 


Equipment and Supply Lines 


packing comes in one-lb wrapped cakes. 
Newage Industries, Ine., 222 York 
Rd., Jenkintown, Pa. 


Laboratory Equipment—-A new 48- 
page eatalog from Arthur S. Lapine 
and Co., 6001 S. Knox Ave., Chicago 
29, Ill., features both large and small 
laboratory equipment. 


Steam Cleaner—Bulletin SC-500 de- 
scribes a new 100 gph portable, steam- 
Pantex Manufacturing 
Corporation, P. O. Box 660, Pawtucket, 
R. I. 

Pump Stations—The Tex-Vit Sup- 
ply Company, P. O. Box 117, Mineral 
Wells, Texas, has started production of 


jet cleaner. 


sewage lift stations at its 
Weatherford, Texas, plant. 


packaged 


Waste Treatment—A 16-page buy- 
guide various ma- 
terials and equipment used in process- 
Bulletin 980, Pfaudler 


er’s describes the 


ing wastewater. 


Permutit, Ine., 1094 West Ave., Ro- 
chester 3, N. Y. 
Concrete Forms—Reusable, inflat- 


suitable for 
forming sewers up to 120 in. in diam- 
eter are described in catalog No. 500. 
Elgood Conerete Forms Corp., 378 Ten 
Eyck St., Brooklyn, N. Y. 


Light Pole Bases—(Outdoor lighting 


standards are easily fabricated by com- 


able-rubber void-forms 


bining threaded pole bases with lengths 
of conduit or pressure pipe. The cata- 
the may be ob- 
tained from the Spring City Electrical 
Mfg. Co., Spring City 79, Pa. 


Flow-Rate Calibrator—<A portable 


flow-rate calibrator is designed espe- 


log describing bases 


cially for checking rotameters or other 
flow devices with inert the 
range of 1 to 5,000 ce/min. The unit 
is described in specification sheet No. 
SS-9031-1, Brooks Rotameter Company, 
P. O. Box 482, Lansdale, Pa. 
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DIRECTORY OF ENGINEERS 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
CONSULTING ENGINEERS Engineers 


Charles B. Burdick Louis R. Howson 
Water. Sewage, Industrial Wastes and Incineration Problems Donald H. Maxwell 
City Planning, Highways, Bridges and Alrports Water Works Water Purification 
Jams, Flood Control, Industrial Buildings Flood Relief, Sewerage, Sewage 
Investigations, Reports, Appraisals and Rates Disposal, Drainage, Appraisals, 
THREE PENN CENTER PLAZA Power Generation 
PHILADELPHIA 2, PA. Civie Opera Building 


Chicago 


ANDERS@N-NICHOLS 
ompany onsulting Engineer 


: Sewerage & Sewage Treatment 
Consulting Engineers Industrial Wastes Treatment 
Water Supply, Distribution and Treatment, In- Design Plans & Specifications 
dustrial Waste Treatment, Sewage Collection and Inve & Rate Stud. 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 


75 West Street New York 6, N. Y. 
Concord, N. H. Boston 14 Baltimore, Md. 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 
Consulting Engineers ‘ 
Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 
Municipal Engineers —Airport Design —Sewage Disposal Water Supplies Water Treatment 
Systems —Water Works Design and Operation —Surveys Sewer Systems Sewage Treatment 
and Maps—City Planning —Highway Design —Conatruc- 
tion Surveys —Pipe Line Surveys Industrial Waste Treatment 


Investigations 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK HOWARD K. BELL 
Consulting Biologist Consulting Engineers 


G. 8. Beir C. Garrner J. K. Latnam 
Pollution Studies J. W. Finney, Jr. 
Stream and Lake Surveys Sewerage Water Works 
ological an emical Analyses Refuse Disposal ; Swimming Pools 
Amherst View, Collins Bay, Kingston, Industrial Wastes 
Ontario, Canad. 


Ca a 553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. ONLY $66 PER YEAR 


Consulting Engineers is the cost of a professional listing 


in this space. A card here will iden- 
Industrial Water tify your firm with the specialized 
Analysis Design eee d industrial wastes field d 
will afford maximum prestige! 
Gillingham & Worth Sts. Philadelphia 24, Pa. sees 


Industrial Waste 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water — Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 

CLINTON BOGERT IVAN L. BOGERT 
DONALD M. DITMARS {OBERT A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works Incinerators 
Drainage Flood Control 
Highways and Bridges Airtields 


1445 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—M unicipal 
Projeets—Industrial Buildings—Reports— 

Plans—Spevifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 
Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


Your firm st:ould be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


3600 E. Jefferson Blvd. 2112 W. Jefferson St. 
South Bend, Indiana _Joliet, Illinois 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ctoll Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


Sanitary and 
ROY B. EVERSON drautic 
Engineer 
Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 
Valuations — Reports— Research— Development 
207 W. Huron St., Chicago 10, Ill. 
SU perior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Sewage Treatment—-Sewerage and Drainage Systems 
Water Supply and Distribution —Incinerators 
Airports idges——-Express Highways-—Port and 


lerminai Works—-Industrial Buildings 


11 Beacon Street Boston 8, Massachusetis 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


CARLETON 8. FINKBEINER Cuarves Perris 
K. Strout 


Consulting Engineers 


Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE, NICHOLS & ENDRESS 


Consulting Engineers 


Industrial and Municipal Engineering 

Water Supply and Purification——Sewerage 
and Industrial Waste Treatment—Dams 
Drainage Works—Airports—Investiga 
tions— Valuation—Design and Supervision 


407 Danciger Building Fort Worth, Texas 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage: Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams. Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 

If you specialize in sewage and indus- 
waste disposal problems, prospec- 
clients will expect to find your card 

in the Directory of Engineers contained 

in the . 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Iilinois 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulies 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
A. A. Burger . H. Moseley 
S. Palocsay 
G. H. Abplanalp 
S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
Wastes. VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, 0. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnanp Hazen Atrrep W. Sawyer 
H. E. Hopson, Jn. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
iting Engi rs 
E. E. V. C. Liscner 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 2, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Publie Health Engineering 
Planning  Design—Research— Water 
Sewage  Refuse-——Industrial Wastes 
Air Pollution Control—-Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL 


WASTES 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 


Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design 
1392 King Ave. 


Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a 


professional listing 


in this space. A card here will iden- 


tify your firm with the specialized 


sewage and industrial wastes field and 


will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGr. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
Toledo 1, Ohio 


1080 Atlantic Ave. 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 


Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, 


Supervision 


Of Construction and Operation 


Chemical & Biological Laboratory 


1100 South Broad St. 


Trenton, N. J. 


Wm. S. Lozier Co. 
C Iting Engi 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
Rochester, 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply 


Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY Nussbaumer, Clarke & Velzy, Inc. 
Engineers Consulting Engineers 
Water, Sewage, Drainage, Refuse and SEWAGE TREATMENT—WATER SUPPLY 
Industrial Wastes Problems INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
: Airports APPRAISALS 
Statler Building 327 Franklin St., Buffalo, N. Y. 
Boston 16 500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFFE 
O’BRIEN & GERE HALL &@ MACDONALD | 
Consulting Engineers 


Civil and Sanitary Engineers 
Industrial Waste Treatment Water, Sewage, Drainage and 
Industrial and Municipal Water Supply inductsial Waste 


Sewerage and Sewage Treatment Structural Power Transportation 


400 East Genesee St. Syracuse 2, New York 165 Broadway New York 6, N.Y. 


listed here 
P. D. DAVIS W. M. PIATT, III 
the most complete Directory Consulting, Designing, and Supervising Engineers 
available of consultants specializing in Water Works, Sanitary Sewers, + teed — 
wage i stri rastes Sewage Treatment, Streets, Power Plants 
ae and indu trial Wastes treat Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


ment. 


MALCOLM PIRNIE ENGINEERS LEE T. PURCELL 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander Water Supply «& Purification ; Sewerage & Sew- 
Malcolm Pirnie, Jr. age Disposal; Industrial Wastes; Investigations 

Investigations, Reports, Plans & Reports; Design; Supervision of 

Supervision of Construction Construction & Operation 
and Operations Analytical Laboratories 

Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 36 De Grasse St. Paterson 1, N. J. 


Consulting Engineer 


RESOURCES RESEARCH, INC. THOMAS M. RIDDICK 


Consulting Engineers and Chemists 
Municipal and Industrial Air Pollution Control, 
} sipal and Inc al Water Purification, 
Water Supply, Sewa,ze Disposal, Public Health Munic ipal and In lustrial ater Purification 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Chemical ¢ sacte 
Lovis C. McCane, Pres. Laboratories for Chemical and Bacteriological 
Analyses 


1246 Taylor St, N.W. Washington 11, D.C. 369 BE. 149th Se. New York 55, N.Y. 


Reports, Investigations, Research 


RIPPLE AND HOWE, Inc. 


Consulting Engineers 
O. J. Rippre V. A. VASEEN B. V. Howe TA 4 NY 
Appraisals—Reports + em. AND OMPANY 
Water Works Systems, Filtration and Softening SSOCTATES 
Plants Reservolss and ECTS AMD ENGINEERS 
Storm Sewers, Sewage lIreatmen ants, 
Refuse Disposal, Airports . ATLANTA 
833-35 Twenty-Third St. Denver 5, Colorado 


| 
It pays to secure competent and experienced engineering advice! sf 
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DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations . Design - Supervision of 
Construction Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage : Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Bivd. Topeka, Kansas 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
lel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
251 East High Street Lexington, Kentucky 
Branch Office 


4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—<Air Pollution 
ater—Sewage 
Surveys—Research— Development— Process 

Engineering Plans and Specifications 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements 
Investigations, Reports, Designs, Supervision 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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Fromherz Engineers 
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Gilbert Associates, Inc. 
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Hazen and Sawyer 
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Ingram, William T 
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tu pwour...NDUSTRIAL PROCESS WATER 
CLARIFICATION AT CORP., FONTANA, CALIF. 


eatment at Kaiser Steel Corpora- force with 
California Works includes facil- 
iandling blast furnace flue dust washer 
| hot strip mill process water. A com- 


a minimum of gear reducer effort. 

is feature also permits the use of simpler, 
more accessible gear reducers which simplify 
maintenance and adds years to the service life 
of the unit. 


| of 37 MGD indicates the importance 

ater treatment—from a conservation 
it as well as operating economy. In addition to Tractor Drive Thicke ners, 
Walker Process manufactures sludge collector 
units for all types and sizes of applications— 
circular, rugged, center drive units, either pier 


avy fines and particles, encountered in steel 
es, require equipment designed to move 
is of abrasive sludge with as little or bridge supported and rectangular mechanisms 
as possible. Walker Process Tractor 
ners especially suit these conditions Write for information on equipment * the 
t the periphery of the basin utilizes treatment of municipal water and sev 


lever to exert high rotational industrial liquids. 


PROCESS EQUIPMENT INC. 
SINEERING OFFICES + LAB. 
AURORA, ILLINOIS 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %” without endangering its tightness. This 
feature alone adds considerably to the ease and 


speed with which the line can be installed. 


The ‘‘Flexible Joint’’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


NCASTER PRESS, ING 
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ff Lots of jobs are done better automatically. Chang- 


—— ing chlorine feed rate is now one of them. With 

0, V the V-notch...the straight line metering action 

of the plug through the ring makes automation 
simple. 


a Chlorinator can give you any degree of automatic 
control you want—step rate, start-stop, program, 
wg proportional, even residual control. 


With a V-notch Chlorinator any signal from any 
primary metering device can control chlorine 


feed. So anyone can afford automation. 
a Signal, And, of course, the right plastics make the whole 


neady Merely by adding, not adapting, a W&T V-notch 


chlorinator chlorine-proof. 


A booklet, “The V-notch 
Story” will tell you about all 
the W&T V-notch Chlori- 
nator features. For your 
copy write Dept. S-135.84. 


WALLACE & TIERNAN INCORPORATED 


ao MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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